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A B S T R A C T
Ethers of the general formula CHR^OR* re-arrange under the 
influence of Lewis bases such as phenyl lithium into their isomeric 
alcohols OH.
Li R R
i j , |
Ph.CHg.O.R. Ph.CH.O.R.  Ph.CH.O.Li Ph - CH(OH)
This is a type of saturated eleotrophilic re-arrangement usually called 
the Wittig re-arrangement.
An investigation of Wittig re-arrangement of ethers was undertaken 
employing optically active compounds because the mechanism of the closely 
allied Stevens re-arrangement has been established in this way.
The following optically active ethers have been prepared and re­
arranged :
(i) Ethyl mandelyl benzhydryl ether.
(ii) Benzyl-(3-butyl ether*
(iii) Benzyl-l-phenyl ethyl ether.
In ethyl mandelyl benzhydryl ether a symmetrical group has been 
allowed to migrate from oxygen to carbon atom which was already dissymmetrio 
to constitute the centre of the molecule which was already optically active 
and it resulted in total racemisation of the products formed.
(iv)
In the other two ethers a dissymmetric and optically active group 
has been allowed to migrate from oxygen to a symmetric carbon, thereby 
converting it into a dissymmetric atom and thus a potential centre of 
optical activity.
Benzyl-|3-butyl ether re-arranged to form an optically inactive 
carbinol while benzyl-l-phenyl ethyl ether formed an optically active car* 
binol on re-arrangement.
It has been observed from the structure of the re-arranged product 
that the optical activity contributed to the re-arranged carbinol is 
due to the original asymmetric centre and not the new asymmetric centre 
generated on re-arrangement to which the hydroxyl group is attached.
The results support the postulate of the earlier workers that the 
formation of carbinols from ethers was due to the intramolecular re­
arrangement of the metallated ethers.
The results further confirm Hauser*s view regarding the formation 
of benzaldehyde by ^-elimination and also that the re-arrangement is not 
followed by ^-elimination.
The isomerisation of the metallated ethers seems to take place 
by migration of the organic group and the metal atom via intramolecular 
and intermolecular routes respectively.
(v)
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Some aspects in the mechanism remain obscure such as the retention 
of optical activity by the re-arranged carbinol which has only been ob-* 
served in ethers containing a phenyl group attached to the potentially 
active carbon, and the necessity of two molecular equivalents of Lewis 
bases for effecting the re-arrahgement of ethers.
(vi)
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INTRODUCTION
The majority of chemical reactions involve electrical transactions* 
Accordingly, the action of a reagent on an organic molecule may be 
homolytic or heterolytic*
In homolytic reactions a covalent bond is formed or broken by 
colligation and homolysis. The process of forming a covalent bond by 
means of one electron from each of the combining atoms is called colliga­
tion and the reverse process in which the covalent bond can be broken so 
that one of the electrons which constituted the bond is retained by each 
of the atoms is known as homolysis.
colligation 
A* + B' T — — — •— A : B
homolysis
Whilst in heterolytic type of reactions the covalent bond can be 
formed by co-ordination and broken by the opposite process - heterolysis, 
i.e. when a bond is broken, both the electrons of the bond are retained 
by one of the separating atoms :
,- .+ - co-ordination . '
A i+B or A + :B __________  A : B
heterolysis
The general pattern of organic chemistry is based largely on 
heterolytic reactions. Such reactions proceed because the reagent has an
-3-
inherent affinity for either an electron pair or an atomic nucleus, A 
reactant capable of accepting electrons is defined by Ingold as electro- 
philic and it may be a cation; one that donates electrons, i,e. an anion:t, 
is known as nucleophilic (attracted by +ve centre)
Electrophilic
Na.OH + R s Cl -------- >  R : OH + Na+ + Cl”
0H~ + R : Cl ->  R : OH + Cl”
Nucleophilic
An electrophilic fragment or a cation attacks an organic molecule 
at the position of the highest electron availability; a nucleophilic 
fragment or an anion attacks a position of lowest electron availability. 
That is, the nucleophilic reagents act by donating their electrons to, or 
sharing them with, a foreign atomic nucleus and the electrophilic reagents 
act by acquiring electrons, or a share in electrons, which previously 
belonged exclusively to a foreign molecule.
Of the various classes of reaction that organic compounds undergo, 
the intramolecular re-arrangements seem to occur entirely within the
molecule without any apparent intervention from another molecule, except, 
perhaps, as a source of activation energy. As a rule these reactions 
are not reversible and produce structural re-arrangement of the molecule 
with or without the elimination of a simple moleculessuch as water or 
hydrogen halide which may or may not be unimolecular in nature. In this 
respect the intramolecular re-arrangements differ from tautomeric changes - 
an extensively studied class of reversible isomeric changes which involve 
the heterolysis, often an ionisation or proton transfer, of an unsaturated 
molecule, and subsequent recombination of the fragments with a change of 
structure, one fragment accepting the second in a position other than 
that from which the latter was dissociated.
The intramolecular re-arrangements always occur with a decrease of 
free energy and in some cases intermediate compounds can be isolated.
They may be predominantly nucleophilic or electrophilic in character but 
cannot be exclusively either the one or the other. They cannot even 
depend exclusively on heterolytic forms of electron reorganisation, nor 
can they depend entirely on homolytic forms; one or the other mode of 
electron regrouping may have a dominating importance in any individual 
case, but in general both are involved.
Transformations of this kind are very common in organic chemistry, 
in fact, they have been observed ever since Wbhler published his synthesis 
of urea by a molecular re-arrangement of ammonium cyanate.
The Pinacol re-arrangement is one of the earliest and commonest
-5-
of the carbon to carbon transformations: published by Fittig
Me g • C -C.Me
Heat
•ynitotnn-vr*
OH OH
H2S\
Mq ,,C
j
Me
tetra-Jfe-ethylene glycol 
(Pinacol)
'Me-tert-butyl ketone 
(Pinacolone)
With pinacols containing two different alkyl groups it is found 
that one is more mobile than the other. Numerous examples of this reaction 
now known as the "PLnacol-Pinacolone and Allied Transformations” have been 
observed and investigated in detail in the intervening period.
The molecular re-arrangements of organic compounds containing nitrogen 
have been investigated under the names of Hofmann, Beckmann, Wolff, Curtuis 
and Lbssen.
All reagents that promote pinacol-rearrangements are electrophilic 
and the key step in the process is elimination of ai hydroxyl group and 
production of an intermediate carbonium ion. These transformations occur 
in the presence of acids.
R OH
R
6h
'X
NR
R R
/
OH
The Wagner-Meerwein re-arrangement, which is familiar in terpene 
chemistry) and may or may not involve the elimination of water or hydrogen 
halide, is essentially a "Pinacolic change”. The Pinacol and Wagner 
transformations differ from those dealt with in Hofmann, Beckmann, etc. 
changes in that the group migrates to an atom which has no unshared 
electrons and a migration of an intramolecular type is therefore less easy 
to visualise. Nevertheless there are strong indications that the group 
never becomes free. It is the characteristic of all the Pinacol and 
Wagner-Meerwein transformations that the entity which moves, takes the 
electron with it and travels to a point where there is a deficiency of 
electron, i.e. they are nucleophilic re-arrangements and are represented
-7-
A class of heterolytic re-arrangements which are the polar opposite 
to those just discussed are known - in which the loss of an anion or its 
equivalents to leave a carbonium ion J will be replaced by the loss of a 
proton or other cation to leave a carbanion or other centre possessing an 
active unshared pair of electrons; whilst the migrating group instead 
cf shifting as a nucleophile with its full octet will shift as an electro- 
phile with a sextet leaving the electrons of its old bond behind and 
forming a new bond by co-ordination with the active unshared pair while the 
electrons left behind may take up a proton. They can be termed saturated 
electrophilic re-arrangements and represented as :
R
I
A ---------- B
Y X+
In an electrophilic re-arrangement the moving group leaves behind 
its original bonding electron and thus enters as an electrophilic fragment 
with a sextet into its new state of combination to form a new bond by co­
ordination with the active unshared pair. The negatively charged ion left 
behind may take up a positively charged ion (proton) or other cation.
Only a few examples of this type of re-arrangement are known and
R
' '  \ / A ----------- B
V..
:>
J
+
Y X
except the Stevens re-arrangement and that of aromatic chloroamines they 
have not been studied in detail* Wagner-Meerwein re-arrangements under 
some circumstances proceed as true intramolecular displacement reaction and
re-arrangement to isobornyl chloride in the absence of a catalyst or of
the spontaneous re-arrangement of labile pinene hydrochloride.
A typical example of Stevens re-arrangement is the conversion of
phenacyl benzyl dimethyl ammonium hydroxide in aqueous solution into
w-dimethylamino-w-benzyl acetophenone (Stevens, Creighton, Gordon,
2
MacNichol) .
firmed the intramolecular nature of the Stevens re-arrangement by showing 
that on re-arranging optically active phenacyl-l-phenyl-ethyl-dimethyl 
ammonium hydroxide?the l^phenyl ethyl group is transferred with a complete 
retention of optical activity and the asymmetry of the migrating group is
addition to optical activity the configuration is also retained. They
hence belong to S~2 type. This is true as well of the oamphene hydrochloride
Me — " C
CO.Ph. CO.Ph CO.Ph
3
The authors , after a detailed study of the reactions, consider it 
to be intramolecular in character and Campbell Houston, and Kenyon^" con-
5
retained. Brewster and Kline have supported this by finding that in
-9-
prepared d~a~dimethyl amino-j3-phenyl butyro phenone by the Stevens re­
arrangement of phenacyl bromide derivative of l-N,N-dimethyl-a-phenyl ethyl 
amine and degraded it to l-(3-methyl. hydrocinnamic acid via Backmann re­
arrangement of the oxime of the ketone formed by reductive deamination of 
the re-arrangement product. The previously established configurational 
relation of l-N,N-dimethyl-a-phenyl ethyl amine and 1-^-methyl hydrocinnamic 
acid showed that 1-phenyl ethyl group retains its original configuration 
during its intramolecular migration from N to C.
Me
Ph.C - CEL
Me
Phenacyl bromine salt
Br
It w + 0H N —  Me —
Ph
Ph C
0
•I!
Ph.C
H
H
H
H V
*
Ms
N
Me
N -
Ph
Me
Amino ketone
Me
Ph
Me,
-10-
In another type of saturated electrophilic re-arrangement, usually 
called the Wittig re-arrangement, an ether under the action of an alkaline 
reagent may undergo re-arrangement to an alcohol, as for example
Ph.CM, Me Ph CH
-OH
Me
> Me
,0H
\
v Me
The re-arrangement of ethers under energetic
6
alkaline conditions has been recorded by Schorigin and investigated by the 
following workers to establish the nature and mechanism of this type of 
isomerisation.
(i) Wittig et used phenyl lithium to bring about the
re-arrangement of ethers and suggested that the formation of alcohols was 
due to the intramolecular re-arrangement of the metallated ether
Ph.CH20Me 4  Ph.CH^
Li -Me
Ph.CH
X.
OMe X Old
-11-
12(ii) Hauser and Kantor studied the re-arrangement of ethers by the 
action of potassium amide and from the results obtained they provided 
evidence against ’’Aldehyde-cleavage" route for the reaction.
*17 II
(iii) Curtin and his co-workers 9 studied the rate of reaction from 
the decomposition products obtained during the attempts to re-arrange complex 
desyl ethers.
1 R
(iv) Stevens and his collaborators employed optically active ether 
to study the mechanism of re-arrangement.
The evidence accumulated so far has not proved sufficient to allow of 
generalisation of the mechanism of re-arrangement, which is described in 
the following chapters.
In the present work optically active ethyl mandelyl benzhydryl 
ether, benzyl-(3-butyl ether and benzyl-l-phenyl ethyl ether have been 
prepared and re-arranged to shed more light on the mbchanicm of this type 
of intramolecular re-arrangement.
-12-
CLEAVAGE AND RE-ARRANGEMENT OF ETHERS
Ethers in general are inert substances in comparison with alcohols 
and approach saturated hydrocarbons in their chemical affinity. Although 
at moderate temperatures they do not react with sodium and are essentially 
undamaged by treatment with strong acids and bases, yet the ether linkage 
-C-O-C-between hydrocarbon residues can be broken by halogen acids parti­
cularly hydioiadAe acid and by sodium at high temperatures or with special 
reagents.
With excess hydraLocic acid an ether suffers fission to two molecules of 
alkyl halide
(ii) Phenetole when heated at 300-400° forms phenols and ethylene and 
in the presence of G-rignard reagent at 150° it yields phenoxy magnesium 
halide, ethylene and ethane.
made an extensive study of the action of metallic sodium on ethers and found 
that aromatic,alkyl and mixed ethers undergo cleavage with sodium at 180°.
R0R* + 2 HI R1 + R*1 + H20
(iii) Diethyl ether reacts at high temperature with sodium to form sodium
ethoxide, ethylene and ethane.
SchSrigin6'16 (Ber. 1923, 56, 176; 1924, 57, 1634; 1926, 59, 2510)
R.O Na + NaR1 ---- ^  R0H + R<H
R0Ry + 2Na ^
R f0 Na + NaR >  R*0H + RH
-13-
On extending his experiment to benzyl-ethyl ether he obtained an 
unexpected product, 1-phenyl propanol, in addition to the cleavage products,
Ph,CH2-0-Etx
-^Ph.CH(0H).Et 
^ E t O H  + Ph. Me +
The quite unexpected product - 1-phenyl propanol - is clearly formed 
by isomerisation of the original ether.
Further he observed that many benzyl ethers are able to undergo 
this type of molecular re-arrangement.
Ph.CH2-0-Ph
Ph.CH2-0-C10H7
Ph.CH(OH).Ph
^  Ph.OH + Ph.Me
■ Ph - chCoh^ c-^ h-,
^Ph.Me + ^1QHyOH
(C10H7 = 0-naphthyl)
Ph;CH2.CH(0H).Ph
Ph.CH2-0-Ph.CH2
The benzyl ether of £-cresol underwent an analogous re-arrangement in 
contrast to that of the benzyl ether oNf £-cresol which undergoes the 
Claisen re-arrangement
— —  „    Me
n 0 —  H2C Ph — -------->  Ph.CH„ /  \ OH
^  , J ' \  /
benzyl ether of o-cresol
Ph
benzyl ether of £~c.resol
In the benzyl ether of £-cresol the benzyl group migrated to the methyl 
group attached to the nucleus while in the case of benzyl ether of £-cresol 
the benzyl group migrated to the pan position in the benzene ring.
Schbrigin also found that an intervening methylene group hinders this 
type of re-arrangement for Ph.CHg.CHg-O-Ph yielded only ethyl benzene and 
phenolic products of cleavage; on the other hand, PhgoCH.OPh re-arranged 
to give triphenyl carbinol Ph^.C„(OH).
In attempts to re-arrange phenyl benzyl thio-ether, Ph.CH^S'.Ph, 
Schbrigin obtained the cleavage products only
17Eauser, Kantor and Brasen tried less drastic experimental conditions but
no re-arrangement of thio-ethers has been recorded.
18Lubtringhaus and V. Saaf introduced the use of phenyl lithium and 
phenyl sodium as reagents for the cleavage of benzyl ethers
Ph,CH2.O.Ph Ph.OH + Ph2 CH0CH2.Ph
7
Wittig and Lehmann showed that the formation of triphenyl ethane by
the interaction between benzyl phenyl ether and phenyl lithium proceeds in
19
three steps similar to those established by Wittig and Witt in the action 
of phenyl lithium on benzyl chloride to give the same compound.
-16-
Step IX. Ph.CH
Ph.CH
-Li
'O.Ph
,Li
Cl
+ Ph.Li ----->  Ph.CHJ
+ Ph.Li — ---->  Ph.CH:
,Li
“Ph
Li
Ph
Step III. Ph.CH'
Ph.CH'
Li
‘Ph
.Li
Ph
+ Ph.0.CH2Ph
+ Cl.CHgPh
CH0Ph
X
Ph.CH +
^ P h
CH Ph
Ph.CH +
Ph
Wittig and Lohmann further observed that di-benzyl ether and 
methyl ether are converted to carbinols by phenyl lithium :
Ph.CHg.O.Me •> Ph.CH
Me
OH
(3500
Ph.CH2.0.CH2.Ph Ph.CH,
Ph.CH.OH (3000
Li.O.Ph
Li. Cl
Li.O.Ph
Li. Cl
benzyl
-17-
while benzyl ethyl ether decomposed in the presence of phenyl lithium to
give benzyl alcohol and ethylene?though it reacts with sodium to form
phenyl ethyl carbinol as a product of re-arrangement in addition to the
£
decomposition products - toluene, ethanol and ethylene (SchBrigin) .
They considered that the formation of carbinols from ethers was due 
to the intramolecular re-arrangement of the metallated ether. The ether 
is first metallated at an d-hydrogen and the resulting lithium derivative 
undergoes intramolecular isomerisation through path a in the equation
Li R
; I
Ph.CHg.O.R. ™ Ll.^ Ph.CH.OR .- 1 ^  ■>  Ph.CH.O.Li
0>)
Ph.OHO + Li.R— i
They rejected the course (b) involving (3-elimination followed by re­
combination because phenyl lithium converted benzyl methyl ether to phenyl 
methyl carbinol without forming a detectable amount of benzhydrol^ some of
which might have been expected had benzaldehyde been an intermediate.
20
Elizabeth Mangels established that :
(i) benzhydryl methyl ether undergoes re-arrangement smoothly by 
interaction with phenyl lithium and represented the reaction as follows:-
-18-
>i -Me
PlyCH.O.Me Ph2C
X
" OMe' “o l !
HOH
/
Me
Ph2C
\
OH
and (ii) 9-fluorenyl benzyl methyl ether reacts readily with phenyl lithium 
to form a relatively stable lithium derivative because the original ether is 
quantitatively recovered on hydrolysis. The re-arrangement of the metall­
ated ether to 9-methyl fluorenol occurred only after keeping for six weeks 
at room temperature or after heating at 100° for many hours (25$, 25$ yield 
respectively)*
Li
[e
OMe rY\
-19-
Stevens"^ has observed that 9-fluorenyl methyl and phenyl ethers were
unchanged by sodium butoxide even at 120°.
0
Wittig and Happe studied the relationship between the rate of re­
arrangement and the degree of ionisation in the following reactions :
Li OH
Fh2.C.(0Me)2 + Li •> Ph2-C-0Me ■ Ph2-C-Me
Ph2.C C.Ph,
+ 2 Li
O.Ph O.Ph
2Ph2.C Li
O.Ph .
^  2 Ph^.COLi
HOH
N/
2 Ph-,C.0H
j
In the latter reaction they replaced lithium by sodium, potassium, rubidium, 
caesium, - MgCl and -ZnCl in turn and determined the yield of triphenyl 
carbinol formed by stopping the reaction (after a definite period) by hydro­
lysis and placed the metallic derivatives in the order of ease of re­
arrangement.
- ZnCl = - MgCl Li/ - Na >  " K >  “
Rb = - Cs
This is in accordance with the order of increase in polarisation of the 
carbon-metal bond. Thus the rate of re-arrangement decreases, with the rise 
in the tendency to ionisation. The degree of ionisation of organo-metallic
-20-
bond depends not only on the size of the metal atom, but also on the nature 
of the organic group.
9Wittig, Doser and Lorenz supported the intramolecular nature of the 
reaction and suggested that the re-arrangement takes place by ionic 
mechanism.
12Hauser and Kantor used potassium amide instead of phenyl lithium 
for the study of reaction of benzyl and related ethers, because potassium 
amide is a better ionising agent. They found that dibenzyl ether gave 
benzyl phenyl carbinol, toluene and benzamide (benzamide was presumed to 
be formed by the action of excess of potassium amide on benzaldehyde).
The formation of benzyl phenyl carbinol is considered to be formed by the 
intramolecular isomerisation of the intermediate carbanions (course a) and 
benzaldehyde and toluene by ^-elimination (course b).
CHJPh
KNH, K+JUNJl, / \ I
(Ph.CH2)20  Ph.CH0.CHoPh Ph.CHCf K+
00
NH,
Ph.CHO + Ph.CH2K+ — *-- 7* Fh.Me
But the potassium salt of the carbinol was found to be stable under the 
same conditions; benzaldehyde and toluene appear not to arise by re­
arrangement followed by ^-elimination. They provided further evidence 
against the ’’aldehyde-cleavage” route by studying the reaction between butyl
-21-
lithium and dibenzyl ether to form benzyl phenyl methanol while no isolable 
quantity of butyl phenyl methanol is obtained.
21
^-elimination reaction has been found by Bergstram and Ferneluis 
to predominate with the carbanions of dibenzo-hydryl ether, which formed 
benzophenone and potassium diphenyl methidej most of the benzophenone
being cleared by potassium amide to benzamide and presumably benzene.
K+
Ph.G   0 — CH.Ph2— — -3 * Ph2C = 0 + IC C Ph£
k n h2 I c o2
\f Y
Ph.CO.NH- Ph. CH.COO K+
Hauser and Kantor also found that benzyl neopentyl and benzyl phenyl 
ethers fail to re-arrange with potassium amide whereas benzyl ethyl ether 
formed benzyl alcohol (presumably by (3-elimination) and appeared to give 
no re-arranged carbinol
H
/ " (  KHH„
Ph.CHg --- 0---- CH2 —  CH2 ------- >  Ph.CHgOH + CgH,
T V  -II
Curtin and his co-workers 9 studied the cleavage and re-arrangement
-22-
of ethers under milder conditions. They observed that dibenzyl, dibenz— 
hydryl and related ethers do not undergo re—arrangement by potassium 
jt-butoxide but give cleavage products,and suggested that benzyl phenyl 
carbinol and diphenyl benzhydryl carbinol are the possible intermediates 
respectively,
r*
i
Ph.Me 
Ph.Ch20H 
Ph.CH2C0.Ph
The cleavage of dibenzyl ether with potassium hydroxide at 200° was probably 
the uncatalysed thermal change.
Ethyl mandelate benzhydryl ether was successfully re-arranged by 
sodium ethoxide to give ethyl (a.p.triphenyl) lactate in 39^ yield as 
the re-arrangement product
C02Et
»  -  p  - i r
0 —  CH.Ph2
COgEt
>  Ph --- C* (OH)
CH.Ph2
Ph.CH,
0C, H ~ K + 
4 9
OH
CH2.Ph
Ph.CH2.C --- Ph
0C
22
Cram and his collaborators have examined the process of fission in
-23-
detail and found that benzyl ether of optically active phenyl ethyl methyl 
carbinol remains unchanged on treatment with potassium t-butoxLde at 195° 
but undergoes cleavage in the presence of potassium-N-methyl anilide to give 
29fo optically pure 2-phenyl butane^ and suggest that the partial racemisation 
occurred somewhere under the condition of its formation
Me
Et-
Ph'
C  0 CH2 Ph
t.BuQX_______
in t.BuOH 195
no product
Pot. N.Me-
:"iiSH3e~ISCTc' ( 2 9 p ^ o p tic a ll^ p u r e )
15Cast, Stevens and Holmes studied the molecular re-arrangement and 
fission of phenylacyl, 9-fluorenyl and a-cyano-benzyl ethers in butanolic 
sodium butoxide and suggest that ethers having a mobile proton may undergo 
re-arrangement (a) or fission (b) under the influence of an alkaline reagent.
CR2R ’0H CHR.OR' C0R2 + R ’H
They concluded that the main driving force for the re-arrangement is 
no doubt the transference of the formal charge from carbon to more electro-
-24-
negative oxygen atom: re-arrangement of tertiary amines, in which ”0” in
the scheme is replaced by "NR"* takes place much less readily: re-arrangement
which is
of quaternary ammonium compounds in which the formal charge disappears ar&/ 
effected much more easily, under the conditions used in ethers migration, 
occur-only with groups of allyl and benzyl type.
Re-arrangement is evidently less favoured than fission. Fission is 
predominant if R ’ can tolerate an anionic change,and it is shown that in 
types of ethers in which other substituted groups migrate, 4 nitrobenzyl 
radicals are split off as £-nitro toluene.
In the action of sodium butoxide on optically active 9-fluorenyl-a- 
methyl benzyl ether they obtained optically inactive alcohol.
H 0-CHoMe.Ph
(opt, active)
CH.Me.PhHO
(opt, inactive)
This was found to be in contrast with the re-arrangement of quaternary 
ammonium ion Ph.C0.0^.N** Me.CH.Me.Ph in which the migration of the active 
a-methyl benzyl radical give an active product Ph.CO.CH(NMe9)CH.Me.Ph of
high purity ,
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THE MECHANISM OF BASE CATALYSED RB-1RRAN&EMENT
OF ETHERS
Many internal displacement reactions of the general type
! I .
— C — — C — ..............vz
have been reported, of which the two important classes are the re-arrangement
— 23of a-quaternary ammonium ketones with aqueous OH (Bunn and Stevens ,
Kenyon et al\ Brewester and Kline'* - for stereochemistry of reaction),
N+Me2 - Ph.COCH----  N.Me2
R R
(I) (II)
and the re-arrangement of benzyl and related ethers with strong bases, such 
as phenyl lithium or potassium amide, which has been limited by their 
rather specialised structural requirements and of the necessity of the more 
active (not selective)reagents and often rather severe conditions, Stevens 
and Wittig ^ established the intramolecular nature of this type of
Ph.C0.CH2 —
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isomer i sat ion; they apparently did not recognise the mechanism of migration 
of the alkyl group. Stevens apparently believed that (i) undergoes (3- 
elimination followed by recombination of benzyl group with unsaturated 
system; however, the benzyl ion would be expected to react more easily with 
the medium (ale or HgO).
Wittig regarded such a re-arrangement as cationic isomerisation in 
which the migrating constituent in the molecule is positively charged and 
migrates as positive fragment. This mechanism would presumably involve an 
internal S^l reaction.
12Hauser and Kantor employed the internal displacement mechanism (ill) 
to (IV) to explain the intramolecular isomerisation of carbanions involving 
1,2 shifts of an alkyl group without their bonding pair of electrons.
# *
C C
- C —  A  > - C    A
I 1
( I I I )  ( IV )
25
These isomerisations (Hauser ) include not only the re-arrangement
of ethers but also the Stevens re-arrangement of quaternary ammonium
qt o(l O'7
ions (Stevens , Wittig ) and sulphonium ions (Stevens ') by hydroxide
or ethoxide to form tertiary amines and sulphides respectively*
"IIIA*. in the mechanism is positively charged nitrogen with quaternary
ammonium ions; positively charged sulphur with sulphonium ions and
neutral oxygen with ether, and 'IVA, becomes neutral nitrogen, neutral
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sulphur and negatively charged oxygen,
Hauser and Kantor put forward the following evidence in support of the 
internal displacement mechanism :
(i) The relative rates of isomerisation of the series of (i) observed 
by Stevens are in general related directly to the bimolecular rates of dis­
placement of the corresponding benzyl chlorides by iodide ion S^2 (Benn-
28ett ), because the isomerisation involves an intramolecular displacement, 
the kinetics would necessarily be unimolecular.
(ii) The re-arrangement of optically active phenacyl-a-phenyl ethyl 
dimethyl ammonium bromide by sodium hydroxide solution (Campbell, Houston 
and Kenyon^1") occurs without racemisation of asymmetric carbon (C* in (ill) 
and (IV)).
(iii) The relative ease of isomerisation of the carbanions of ethers ;
R
R
- CH —  OH
as R is varied in the order
Me.
Allyl a Benzyl >
/  Et'
CH - \ Me^C.CHg - \/ Phenyl
This would presumably be related directly to the relative ease of
-28-
biraolecular displacement of the corresponding halides of basic anions.
They further suggested that the change (ill) to (IV) using molecular 
models indicates that the carbanion portions of the molecule would have to 
attack the starred carbon atom in (ill) at the front or the side in rela­
tion to A (Sjjl) instead of at the rear as is usually the case. However,
frontward or sideward displacements are not without precedent (Cowdrey,
29 30Hughes, Ingold, Masterman and Scott , Barlett and Knox ).
With the internal displacement mechanism in viewWittig in collabora­
tion with Clausnizer^p repeated his earlier work on the re-arrangement ' ■ 
of ethers, and found that the re-arrangement of ethers is a first order 
reaction —  Hauser and Kantor’s mechanism is also of a first order.
They observed that the rate of re-arrangement decreases with increase 
in the charge on metallated carbon. This was in contrast with Hauser's 
mechanism according to which ease of re-arrangement predominates with 
increase in charge on organo-metallic bond.
Wittig and Clausnizer suggested that the re-arrangement takes place 
in two steps :
Step I
(a) R —  Li + : B ... - .I -  ........R •••• Li — B v..— S- • + hi B
or Li . hi _S f ^ ^
j V /  •
(b) Rg C     0.R 5^=== R2C ------- ‘0.R
hi
sSs* R2C~ --- O R
+
Step I leads to the migration of the organic group either by
Step l(a) in which the organo-metallic compound cleaves into carb- 
anions and metal cation and the solvent molecule (i.e. the electron 
donor molecule) adds on to the metal atom and ionisation takes place, 
or Step l(b) in which the electron donating entity is internal (oxygen 
atom of the same ether molecule) instead of external (a molecule of 
solvent).
ionisation
recombination
Ph
Me
CH Li
+ :b
Ph --- CH .... Li .... B
Me --- 0
In Step l(a) the process of ionisation can also proceed from right 
to left (in the reverse direction) if the electron donor molecule returnis 
the metal atom to its original place in the organic residue. The metaX 
atom would go to a new seat if its return to its original seat is obstructed 
and transfer to a new seat is favoured —  if the negative charge on the 
oxygen atom was increased by + 1 or + T effects, the metal atom would go 
to oxygen atom by abnormal recombination.
Ph
Me
Step II. The reaction in Step II proceeds because the bond between 
oxygen and the migratory group weaken^, when oxygen atom acquires the oxonium
<4*
structure = 0 — and the migratory group moves to the carbon atom
CH
= CH
Li
H —-CH2 -r-> 0
t
Li
r
B
Ph ---- CH
+ Li B
Me 0.;
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They further suggested that it is possible that the reaction proceeds 
through Steps l(b) and II simultaneously, in which case the mechanism can 
be represented as a double intramolecular re-arrangement occurring within
Li
, s
Il/jQ ' 1 ' ' 1 ,0
the high-electron density field surrounding the carbon-oxygen bond. In 
this re-arrangement the metal ion and the oxygen atom are much closer than 
any solvent molecule could reach. Thus the re-arrangement is not com­
pletely suppressed by the strongest available electron donating solvent.
15Stevens and his co-workers studied the re-arrangement of three sets 
of ethers,.(i) phenyl-acyl, (ii) 9-fluorenyl, (iii) acetonyl benzyl, by 
sodium butoxide, and suggested that it is not easy to accept a cyclic intra­
molecular mechanism for the re-arrangment of ether (A) but-2-enyl-9-fluorenyl
-32-
(A)
OH
B. = CH2.CHsCHeMe
and non-cyclic one for the ether (B)-9~fluorenyl-l-methyl allyl ether
R = CH.Me.CHsCH2.
On the other hand the isolation of the re-arranged product in good 
yield with butanol as solvent makes it improbable that the migrating group 
is ever kinetically free^whether as a free radical or as an ion in which 
the distinction between but-2-enyl and 1-methyl allyl would disappear.
This is in contrast with the re-arrangement of sulphinic ester Ar.S0,0R to
salphone in which the process is at least mainly intramolecular (Arcus,
31 32Balfe and Kenyon , Cope, Morrison and Field , W ragg, McFadyen and
33
Stevens ).
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THE MECHANISM OF SATURATED KB-ARRAN&EMENTS
The term saturated re-arrangements is applied not only to re­
arrangements involved in the reactions of isomerisation, substitution, or 
elimination undergone by saturated carbon, carbon-nitrogen, and carbon- 
oxygen systems, but also to those containing multiple bond or aromatic 
unsaturation provided the re-arrangement process is not fundamentally 
dependent on it.
Several groups of re-arrangements included in this term are discussed 
by Ingold in his book^ (Structure and Mechanism dn Organic Chemistry) 
under two main heads, viz.:
(i) nucleophilic. (ii) electrophilic re-arrangements which are re­
presented by the general ionic expressions
R R
(i) (ii)
'R' is the migrating group which might be an alkyl or substituted alkyl 
group; *B' either the migration terminus or the seat of dissociation and 
’A ’ either the migration origin or the seat of association.
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A saturated nucleophilic re-arrangement may be regarded as a combina-
Each of these steps can proceed by either a unimolecular or a bimolecular 
process.
If the substitution is of unimolecular type the heterolysis will be 
’’unaccelerated", that is, it will occur at about the same speed as if the 
same bond had the same local surroundings in simpler molecules. But if 
the substitution has bimolecular character, then the heterolysis will be 
’’accelerated"; that means,it will go thousands of times faster than if the 
same bond had the same close environment in simpler molecules (Brown, Hughes, 
Ingold and Smith^).
The unimolecular process is stepwise with respect to the timing of 
the component covalency changes, e.g.;
35tion of (Hughes )
(i) substitution at the seat of association
R)
and
(ii) substitution at the seat of dissociation
( —  R + B — X)  >  ( —  R + S + X) ^  (R —  B + X)
In bimolecular process the component-covalency changes are
synchronous, e.g.:
f V
( —  R + B —  X) (R —  B + X)
In a nucleophilic substitution, an electron is transferred from the 
substituting agent to the seat of substitution and from the latter to the 
expelled group. The substituting agent, before reaction may be negatively 
charged or neutral, becoming respectively.*formally neutral or positive, 
after reaction. The expelled group, before reaction, may be formally 
neutral or positive, becoming, as the case may be, negative or neutral, 
afterwards. The two dual possibilities are independent of each other. 
(Hughes and Ingold^).
Further, if the mechanism in the ionic expression, both substitution 
steps are unimolecular, the covalency changes a, b, and c will take place 
consecutively in that order.
B X
Each must proceed without influencing the other since one covalency 
change cannot take place until the previous one is completed
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Were the group R to influence the ionisation process
+
B X
then the transition state typifying a bimolecular process would arise.
However, if one of the steps were bimolecular<— the !substitution* 
at the seat of dissociation B — ■ then the component covalency would take 
place in the order a + b together followed by c.
The shift b can be expressed in terms of the two extreme ionic forms:
The greater the tendency of the equation to move to the right, the faster 
will be the bimolecular "substitution1* at the seat of dissociation^and the 
re-arrangement will be accelerated with respect to a comparable simple bi­
molecular substitution. This is called synartetic acceleration.
The four possibilities of kinetic types of saturated nucleophilic 
re-arrangements are illustrated by Ingold (Table 36-3: P.518).
R
B
A B
+
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Moiecularity of 
substitutions at 
B A
Timing of
electron transfer
-
example
(ion— ^ ion)
kinetic type j
1 uni uni a, then b, then c neopentyl ---^ Normal
tert amyl !
2 bi uni a + b, then c isobornyl — )
camphene )
3 uni bi a, then b + c camphene --- j
isobornyl )
if bi bi a + b * c
•
non established -
Of the four entities the second and the third represent the same 
detailed mechanism in its forward and backward directions. The fourth 
entity is not illustrated though it is not unreal in principle. Thus two 
kinetic types of saturated nucleophilic re-arrangement - fully s tepwise 
normal rate type and the partly stepwise and partly synchronous accelerated 
type*-are recognised.
Similarly for the ionic expression
R
A B
a
X
four kinetic types of saturated electrophilic re-arrangements can be con­
sidered. Re-arrangements of this nature have not yet been studied so
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extensively as the nucleophilic re-arrangements. Cnthe other hand little 
is known about reactions in which hydrogen separates off from the carbon as a 
proton in electrophilic substitution process and the carbon then assumes an 
anionic nature.
The reason that this type S„ is still so little known may be soughtHi
in the rarity of the bond between carbon and a residual group of anionic 
nature.
2 3 27Stevens 99  found that sodium alcoholate acts upon quaternary 
ammonium salts with benzyl subslituents in such a way that the alcoholate 
ion captures a proton from the benzyl group, thus produding a carbon atom 
with an unshared electron pair. Another group with a carbon cation then 
migrates to the unshared electron pair carbon atom so that an SE type of 
substitution probably as true intramolecular migration, i.e. of type S-g2, 
takes place.
+ NaBr
Ph.CW Me
+ HOEt
Fh.CH
Me
Ph.C
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In the case of Wittig re-arrangement, the action of phenyl lithium pro­
duces a negatively charged atom witn an unshared electron pair•
N.lfe
Ph. Li
+
N Me,
\  //
N,N,dimethyl-N-benzyl-9-amino fluoren salt
CH2 Ph
24(to., 1944, 555, 143)
Such groups wander only when they have a tendency to form a cation as in 
the case of benzyl. Alkyl groups do not separate off here as a cation, 
such as the migrating methyl group in the case of Namotkin re-arrangements. 
For example, in the case of camphene hydrochloride an exchange of place 
between chlorine and methyl in cis position leads to a mirror image or 
enantiomorph,while an exchange with methyl in trans position would lead to 
an antipode of methyl camphenilyl chloride.
Wittig re-arrangement of ethers is another example of saturated 
electrophilic substitution -
R.CHZ ---  0    >  E  CH(OH)-^
Four teams of workers have studied the reaction independently to 
establish the mechanism of the re-arrangement. The postulates put forward 
by them have been discussed under ’’The mechanism of base catalysed re­
arrangement of ethers”.
-41-
THE USB OF OPTICALLY ACTIVE COMPOUNDS IN THE
STUDY 0? SATURATED RE-ARPAN&EMENTS
Saturated
In the general expression for the electronic transfers involTfsd 
in these re-arrangements
the stereochemical effect of re-arrangement as it influences the configura­
tion of the migratory group ’R* - which is an alkyl or substituted alkyl 
group - has been thoroughly investigated in the Wolff re-arrangement in­
volving group shift from carbon to carbon,and the Beckmann, Hofmann,. Lbssen, 
Curtius and Schmidt re-arrangements involving group migration from carbon 
to nitrogen,but has not yet been directly answered either for the pinacol- 
pinacolone re-arrangements or for the Wagner-Meerwein change ,or their close 
relationships.
Wallis and his collaborators'^ observed retention of optical activity 
when the appropriate derivatives of a-benzyl propionic acid were converted 
by the Curtius, the Hofmann and the Lbssen re-arrangements into a-benzyl
A B - M
-2*3-
39
ethyl amine.
Braun and Friehmelt-''' found that the same was true when the Schmidt 
reaction was employed. Thus optical rotations made it clear that the
stereochemical effects on these four processes are identical.
Kenyon,. Phillips and Pittman^ confirmed the results of Wallis and 
Braun by deducing relative configurations from signs of rotation.,
CCH.
H
CO
N
r*
iHofmann 
Lessen 
Curtius 
Schmidt 
i—
— —■£> CH. NH2 + C02
Kenyon and Young^* included the Beckmann re-arrangement in the above 
generalisation by converting optically active 3~n~heptyl carboxylic acid 
into 3-n-heptyl methyl ketone; they then re-arranged the amide of the 
acid by the Hofmann method, and the oxime of the ketone by the Beckmann 
method and obtained the same optical isomer 3~n~heptyl-amine. Therefore, 
since the Hofmann re-arrangement takes place with retention of configura­
tion, so also does the Beckmann re-arrangement
■43-
(+)n-BuEt.CH.CO 0H ■■.. ( + )n-BuEt. CH.NH,
acid
bi-omide
A
reaction 
with 
Cd Mert
Hydrolysis acety'ilation
(+)n-BuEt* CH. CO .CH^ (-)n-BuEt. CH.NH.CO.CH^
Further, Kenyon and co-workers^’^  studied the percentage retention 
of optical purity of co-phenyl ethyl compounds in the five allied re­
arrangements and showed the complete preservation of asymmetry (R = Ph.Me.CH- 
throughout) in each case.
R.C(sNOH).]
R. CO.NIL
(+)R.C0oH J R.CO.NH.OBzc. v
R.CO.N-
RoCOoN.
- Beckmann
- Hofmann
- LBssen
- Curtius
- Schmidt
jite.
(-)R.NHAC
(-)r .n h2
(-)r .k s2
(-)r .h h2
(-)e .n h
99*
95.8#
99
99.3%
9 9 M
Lane and Wallis observed 99.5% retention of optical activity and 
complete preservation of configuration in Wolff re-arrangement of a-butyl 
hydratropic acid.
The high retention of asymmetry observed by Lane and Wallis strongly 
suggests that the migrating group never leaves the system. This has been 
proved by arranging that, if it did so by as much as atomic distances for
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as long as collision durations, a blocked rotation would be released and 
optical activity dependent on the blocking would be lost.
” ' ' a * Re-arrangements
The re-arrangements of this nature
are known,although they have not yet been studied as extensively as
and (ii) the Wittig re-arrangement.
The intramolecular character of the Stevens re-arrangement was 
confirmed by Campbell, Houston and Kenyon who showed that on re-arranging 
optically active phenacyl-l-phenyl ethyl dimethyl ammonium hydroxide 
the migrating group, 1-phenyl ethyl,,is transferred with complete retention 
of optical assymetry.
N
saturated nucleophilic re-arrangements. As already mentioned (p. 6 ),
the typical examples of this re-arrangement are (i) the Stevens re-arrangement
Brewster and Kline showed that the migrating group retains its con­
figuration after re-arranging*.
MeCH.Ph
Me2N
(-)
Br.CH,2 
1
COoPh
> M e 2N ‘
MeCH.Ph
CH,
MeCH.Ph
\
->Me0N—  CH
Z a  +  
AC4DH „
CO.Ph
(-)
(+)
MeCH.Ph
CH? •
I
CO.Ph
(-)
H2N0H
MeCH.Ph
*> CH,
Beckmann
S0C1,
Me
>  CH,
CH.Ph
H0N=C.Ph
( - )
CO.HH.Ph
( -)
MeCH.Ph
■> CH,
}
c o ^
(-)
(-)-l-phenyl-etbyl-dimethyl amine is known to have the same configuration 
as (-)-p-methyl-hydrocinnamic acid.
This shows a ’’front-side” substitution of the S^l type because the 
carbon atom enters on the same side of the asymmetric grouping as the 
nitrogen atom leaves. According to Ingold’s views the transition state 
complex must be a synartetic cai^bonium ion - the shift may be in conical 
forms of a resonance hybrid
It has been observed that this re-arrangement is dependent ’in all 
cases’ on the presence of hydroxide ions in aqueous solution, or alkoxide 
ions in alcoholic solution.
dimethyl ammonium hydroxide increased with alkali concentration to a 
limit, and showed that in the presence of sufficient excess of alkali, the 
ionisation of the hydroxyl-nitrogen bond is complete. They extended this 
reaction to sulphonium compounds.
A B
Jv.5
Thompson and Stevens found that the rate of rc-arrangcncnt of the/ 
phenacyl benzyl- 
In this process atom A (p.Jjj,')3n'the general expression is neutral oxygen 
while B is carbon: ethers^ on metallation or by similar means^ are iso-
merised to alcohols, with a migration of one alkyl group into the a-position 
of the other. Only a group such as benzyl or allyl, which has sufficient 
stability as an anion to be fairly metallated, can act as the receiving end 
of this migration process.
Wittig’s method of effecting the changes consisted in treating the 
ethers with phenyl lithium. The first effect is to substitute a lithium 
atom for hydrogen in the a-position of the benzyl or other reactive alkyl 
group. Re-arrangement takes place in the metal derivatives. Wittig 
assumes that this contains,or can easily give, a carbanion to the negative 
centre of which the other alkyl group moves as an electrophile, carrying 
with it only a sextet of its 2-quantum electrons.
Me Me Me
0 ■CH, * CH ----- Li CH
Optical activity can be used in the study of the mechanism of this iso- 
merisation by
(a) allowing an optically active group to migrate to a non-active 
centre, e.g.
* , ^ 1
Ph —  CH —  Li Ph —  CH —  C —  R2
I I 113
i p,. ^ R l  i
0 --- - C — D.2 ---------------------0 — - L i
or
(b) allowing the non-active group to migrate to an optically active 
centre, e.g.
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THE RE-ARRANGEMENT OF OPTICALLY ACTIVE ETHERS IN THE 
STUDY OF THE WITTIG RE-ARRANGEMENT
At the outset it is necessary to note that these intramolecular re­
arrangements may be divided into two different types which can be illustrated 
by consideration of the behaviour of the compounds ”A” and "B”, both of 
which have been examined and the results recorded in the following pages*
COgEt
Ph
CHoPh,
(A)
Et .H
0 —  CH2Ph
Ph
C0?Et
C —
■i
I
CH«,Ph,
Et
X
H
lie
Ph  C
OH
OH
(B)
The essential difference between these two re-arrangements is'that in 
"A” a symmetrical group migrates from oxygen to a carbon atom ’’C” which is
already dissymmetric and may indeed constitute the centre of a molecule 
which is already optically active.
Whilst in "B" a dissymmetric and potentially "optically active" group 
migrates from oxygen to a symmetric carbon thereby converting it to a 
dissymmetric atom and thus a potential centre of optical activity.
On quite general grounds the stereochemical consequences of these two 
molecular changes are unlikely to be similar.
The hypotheses put forward by previous workers to explain the 
mechanism of the Wittig re-arrangement of ethers were not well supported 
by experimental evidence and the conflicting results obtained by different 
workers on various ethers;. so it was found necessary to trace the steps 
involved in the process of this type re-arrangement to establish the 
mechanism of the reaction by stereochemical investigations of the path 
followed by carbon which undergoes substitution.
The re-arrangement of optically active benzyl-l-pheny1-propyl ether 
into 1,2 diphenyl butan-l-ol with 89^ retention of optical purity (Wotton )
Ph ;--  &  --- Et
KNH
CH2Ph ----— --- ;--- >-
Ph --- CHOH
a22 + 66.98°
and the isomerisation of optically active 9-f‘luorenyl-a-methyl benzyl ether
IC
to racemic 9“a-methyl-benzylvfluoren'9-ol (Stevens ) called for further 
investigations of Wittig re-arrangement of optically active ethers.
(i) The re-arrangement of optically active ethyl mandslyl benzh.ydryl ether 
Optically active ethyl mandelyl benzhydryl ether has been selected 
for re-arrangement because :
(a) the racemic ether had been prepared and re-arranged by Curtin 
and Proop"^ to ethyl a .p. (3. triphenyl lactate with sodium ethoxide,
(b) in it a symmetrical group migrates from oxygen to a carbon
X
atom C which is already dissymmetric - "A".
*" 22
(+) and (-) ethyl mandelyl benzhydryl ether m.p. 4-8-50° 50/^-286°
^  no
(l,l,alo);|aj£ +- 283° (1,1,ale) was prepared in 47/£ yield from (+) and (-)
—  22 4-
ethyl mandelate m.p. 35-36° _  200° (1,1,ale) and diphenyl diazomethane
in benzene solution in presence of concentrated sulphuric acid. (Curtin and 
Proop^s m.p. 48-50°; 45^ yield).
(+) and (-) ethyl mandelate m.p. 35-36°; jvxj ^"C - 200° (1,1) re­
quired for preparation of (+) and (-) ethyl mandelyl benzhydryl 7/as pre­
pared from (+) and (-) mandelic acid - the resolution of (-) mandelic acid 
is discussed in Chapter IX - ((+)-mandelic acid, m.p. 132-133°; jj2, j j) + 
156° ; (-) mandelic acid m.p. 133-134°; " 158°) in 99/o yield by
) *7  1 O  J Q
Fischerfs method (Turner and Findley ). McKenzie gave m.p. 31.3°
[a] ^ 0 - 200° and Kuhn and Baman^ gave m.p. 38° i. • 5°•
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Ph.CH(0H)«C00H
mandelic acid
+ 156°; - 158°
(I)
S'- Ph.CH(0H)C02Et
ethyl mandalate 
, ale +a D 200°;
(II)
Ph2C
■ N
X N
C02Et
+ Ph.CH(0H)C00.Et  ^Ph.CH
diphenyl ethyl mandalate
diazome thane - 200°
0
CH.Ph,
ethyl mandelyl benzhydryl 
ether + 283°; - 286°
(ill)
C02Et
Ph.Co(OH)
CH.Ph,
(IV)
< -
(-) ethyl a.p.p.triphenyl lactate
(+) and (-) ethyl mandelyl benzhydryl ether (ill) Taj^ 0 * 283°; - 286°
(1,1) on treatment for one hour under reflux with a solution of sodium ethoxide 
(3 mol) in anhydrous ethanol resulted in formation of (i)x,a.p.p.tetraphenyl 
ethane m.p. 208-210°; benzhydryl ether of (-) mandelic acid m.p. 158-160°,
; and (-) ethyl a .p.p. triphenyl lactate m.p* 118-120°, kofo - the
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re-arranged product (IV).
The formation of (-) ethyl CG;.p,p .triphenyl lactate - the re-arranged 
product (iV)-and benzhydryl ether of (i) mandelic acid shows that the start­
ing material (ill) racemised before any re-arrangement had occurred.
The structure of the re-arranged product (IV) was established by 
Curtin and Proop by infra red spectrum and comparison with an authen. tio 
specimen prepared by the action of phenyl magnesium bromide with ethyl di­
phenyl pyruvate
Eh._C.HC- -----  C0„Et
2 2  ^
+ Ph.Mg.Br
(ii) The re-arrangement of optically active benzyl-p-butyl ether
Optically active benzyl-p-butyl ether has been chosen for re­
arrangement because v~
(a) the re-arrangement of (-) benzyl-p-butyl ether had been carried
TO
out by Hauser and Kantor who reported 27% yield of the re-arranged carbinol.
(b) in it a dissymmetric and potentially"optically active" group
migrates from oxygen to a symmetric carbon' thereby converting it to a
dissymmetric atom and a potential centre of optical activity, e.g. "B".
C0oEt
i 2
Ph.C.OH
CH.Ph,
(IV)
(c) the structure of the re-arranged carbinol ( VI )-phenyl-(3-butyl
12carbinol - has been established by Hauser and Kantor , Baver and 
Dumesnil by oxidation of the carbinol to the corresponding ketone - Sect 
butyl-phenyl ketone VII,
CH ---  Me
C ~  0
(VI) (VII)
b.p. 120-2/13 mm, b.p. 109/10 mm.; 230°/760 mm.
G-lattfeld and Cameron"^ prepared (VII) b.p. 125-6°/l5 mm.
pp pQ
(+) and (-) benzyl-p-butyl ether + 22.0°; - 21.8° (1,1); n^
22
1.4880; b.p. 94-9^/13 mm. were prepared from (+) and (-) butan-2-ol +
13.86°; - 13.1° (the resolution of (-) butan-2-ol is discussed in
52
Chapter IX) respectively by general method described by Norris and Rigby
Et --  CH   Me Et
chromic acid
•w*-
Ph —  CHOH Ph-
and Hickinbottonf^ in his book - ’’Reactions of Organic Compounds, p.71-90)
Ms
H
OH
Et
Me
Et
C
'h
O.Na
a22 + 13.86°; - 13.1°
Me
*
C
t
H
ONa + Ph.CH^.Cl
Me
\
\
\ *
-> C 
#
H
CH2Ph
Et Et
99
a* + 22.00°; - 21.8°
78-
( V )
12 5br +Hauser and Kantor and Dummesnil prepared (-) benzyl-(3-butyl ether
b.p. 921-96°/l3 mm.; 210°/760 mm.
20 22
Benzy3(+) (3-butyl ether b.p. 94-96°/l-3 Earn. 1.4880; + 22.00°
on treatment with potassium amide (2 mol) in diethyl ether under reflux for
50 hours - total contact time - 140 hours - yielded 50fo of unchanged ether
22 +
b.p* 94"*96°/l3 mm; -22.00°; (-) phenyl-sec butyl carbinol as the re­
arranged product b.p. 120-3°/l3 mm;
(i) unchanged ether, b.p,94-9&/13 ram.
(il) phenyl-sec butyl carbinol,
b,p,120-122°/l3 mm.
22 + 
a" - 0.00
(ill) residue
Hauser and Kantor refluxed (-) benzyl-(3-butyl ether with potassium amide- 
2 mol in diethyl ether for 140 hours and obtained $0% of unchanged ether;
27fo of phenyl-sec. butyl carbinol and 12^ of residue.
The above experiment was repeated with benzyl(-)-(3-butyl ether
22e.p - 21.8° under the same experimental conditions and the re-arranged car­
binol phenyl-sec.butyl carbinol b.p.120-122/13 ram - obtained was optically
inactive^,while the unre-arranged ether recovered was found to have complete-
22
ly retained its optical activity *-21.8°,
It would thus seem that racemisation occurs during the process of re­
arrangement in marked contrast to the behaviour of (+) ethyl mandelyl 
benzhydryl ether that seemed to undergo racemisation before re-arrangement 
occurred. . ■
Attempts have been made to effect the re-arrangement of (i) benzyl-(3- 
butyl ether with other reagents and it was observed that phenyl lithium, 
potassium hydroxide and dioxane did not bring about any re-arrangement of 
the ether to phenyl-sec-butyl carbinol: yet potassium ter fc butoxide in
<v)
"5?“
tert-butyl alcohol under nitrogen re-arranged 10% of the ether to 
the carbinol leaving 62% of unre-arranged ether to be recovered.
Benzyl (~)-(3-butyl ether, on keeping in contact with potassium- 
tert butoxide (2 mol) in tert-butyl alcohol for 60 hours at room tempera­
ture, yielded (£) phenyl-sec-butyl carbinol whilst the unchanged e ther
(60%) was found to be fully optically active - 21.8° (1,1).
22When benzyl (-)-(3-butyl ether - 21.8° in diethyl ether was heated
amide
under reflux with potassiun/- 1 mol instead of 2 mol - for 50 hours,- the 
ether did not undergo re-arrangement but yielded benzoic acid and benzamide 
after distillation. Hauser and Kanior have suggested the formation of 
benzoic acid and benzamide by the action of excess of potassium amide (more 
than 2 mol) on benzaldehyde liberated during the intramolecular isomerisa- 
tion of the intermediate carbanion through course(b):
K* CH2Ph
KNEL / x  !
(Ph.CH2)20 ----— — ^  Ph.CH0.CH2Ph Ph.CHO K+
00.W' MH-
Ph.CHO + Ph.CH2K — — >  Ph.Me
Also they obtained 28% of benzaldehyde when equivalent amounts of dibenzyl 
ether and potassium amide were allowed to react in liquid ammonia for a 
few hours.
It seems that course (b) is favoured in the presence of excess of 
potassium amide3and as well as^whon equivalent quantities of the ether and
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potassium amide are employed for effecting the re-arrangement,
(iii) The re-arrangement of optically active benzyl-l-phenyl-eth.yl ether
Optically active ethyl mandelyl benzhydryl ether (ill) and bensyl-(3-
butyl ether (V) gave racemic products on re-arrangement. On the other 
Uohand Wotton re-arranged optically active benzyl-1-phenyl-propyl ether 
(VIIl) to 1,2 diphenyl-butan-l-ol with 89$ retention of optical activity-
Ph
C02Et
CH
Et
\
\ *
CH CH2Ph
(III)
CH.Ph, Ms
(V)
Et
*
CH CH2Ph
Ph'
(VIII)
Of two approaches to the study of re-arrangement of ethers, i.e. :
(a) by allowing an optically active group to migrate to a non-active 
centre - nBM,
(b) by allowing a non-active group to migrate to an optically active 
centre - "A".
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It is found in approach "B" that ether (v) - benzyl-(3-butyl ether - 
re-arranged to yield racemic carbinol and ether (VIIl) - benzyl-l-phenyl-
Except for one group, ether (v) and (Vin) possess the same groups and 
similar configurations; racemisation of ether (v) during the process of re­
arrangement was assumed to be caused by the absence of phenyl group. To 
test this idea.,optically active benzyl-l-phenyl-ethyl ether (IX) was pre­
pared and re-arranged.
Optically active benzyl-l-phenyl-ethyl ether (IX) was prepared by 
interaction of potassium salt of optically active 1-phenyl-ethyl alcohol 
with benzyl chloride.
propyl ether - (lotton^) yielded optically active carbinol on re-arrangement.
Ph
Me'
(IX)
Ph Ph Ph
X X X
CHOH CH --  OK CH 0 --  CH2Ph
Me' Me'
(IX)
In preparation of the ether potassium metal has been used because 
sodium did not react completely or so readily with 1-phenyl-ethyl alcohol
under moderate conditions.
Firstly (-) benzyl-l-phenyl-ethyl ether (IX) b.p, 98“!00/0.2 mm,
22
112-114/0,5 nim, 132-154°/3 mm; n^ 1,5510 was prepared and treated with 
potassium amide (2 mol) in diethyl ether under reflux for 1C hours - total 
contact time 60 hours. The resulting dark brown solution - suspension on 
working up yielded a colourless viscous liquid b.p. 113-120/0,2 mm, 
151-152°/3 mm, 298-300/780 mm; xi2^  1.5689; 6o$ as the re-arranged carbinol
and no unchaged ether was recovered.
In another experiment (-) ether (IX) on refluxing with sodium tert- 
butoxide (2 mol) in tertiary butyl aochol for 10 hours - total contact time
30 hours - yielded 50$ of the re-arranged product b.p. 118-120/0.2 mm,
22 22 
n^ 1.5689; and 29$ of the unchanged ether b.p. 98~100°/0*2 mm, n^ 1.5510
In the third experiment (-) ether (IX) on refluxing ?d.th phenyl 
lithium (2 mol) in diethyl ether for 50 hours - total contact time 2 weeks 
and the solution was found to turn light red. On working up the mixture 
91$ of unre-arranged ether was recovered and no re-arranged carbinol was 
obtained.
Thus potassium amide and sodium tert-butoxide were found to be the 
suitable reagents for re-arrangement.
22 22
(+) and (-) ether b.p. 97~99°/0c2 mm; n^ 1.5510; + 23.04°,
- 25.4° (1,1) was prepared in 82-90$ yield from (+) and (-) 1-phenyl ethyl 
alcdbola22 + 13.04°, - 13.25° (l*l) by the method used in preparation of 
the racenic ether.
22Benzyl (-)-1-phenyl-ethyl ether b.p. 97-99/0.2 mm, n^ 1.5510;
22
oi^  ~ 25.4° on treatment with potassium amide ( 2 mol) under the same con-
/+ \diiions as observed for the re-arrangement of (-) ether, yielded racemic 
carbinol b.p, ll8-120/0„2 mm as the re-arranged product.
22
In the second experiment benzyl (+)-1-phenyl-ethyl ether +
23.04° (l,l) keeping with potassium amide (2 mol) for 30 hours and then 
refluxing for 6 hours re-arranged into carbinol b.p. 118~120°/0«2 mm;
40$; with retention of optical activity Jajp^° + 18.20° (l.l), 76$.
The optically active re-arranged carbinol on standing deposited
0.51 g. of benzoic acid m.p. 118-120°; 10$.■ . _
The second experiment was repeated with benzyl (-)-l-phenyl-ethyl
22 22 ether - 25.4°; when 40$ of re-arranged carbinol - 18.26°; b.p.118-
120°/0.2 mm. and benzoic acid m.p. 118-120°, 8$ was obtained.
The experiment was repeated using potassium amide (2 mol) and sodium
tert-butoxide (2 mol) the percentage yields and rotatory powers of the
products are tabulated.
Ph
Me'
CH- CHgFh
b.p. 97-99/0.2 mm 
c^2 + 23.04°; - 25.4°
(i) re-arranged product 40$ 
b.p.118-120/0 .2 mm
fai P°+ 18.20°; - 18.26W* xL jy
(ii) benzoic acid 8-10$
(iii) residue 25-28$
~ 62-
Reagent
used
potassium amide
in ether
L_
'Sodium t- 
butoxide in
j tert-butyl
ii
\ alcohol
II
III
II
.Amount of [ .Amount of
ether taken j oa.rhinol
[ obtained
5.3 g.
22a.D 25,4°
12.2 g.
22a* + 23.02°
10o6 g.
22
- 23.4°
^age J $age j faage 
optical | benzoicjresidue 
activi fcyf acid
2.12 g. 4Ctfc J
[a!^10- 18.26° | 71.5 ! 8
5.06 g. 1,1.5%
Sa1?°+ 18.24°
V. JV
4.36 g* h-Ofo
r a ^ LC- 18.24° 71.5
5.3 g.
2?
a,p + 23.04°
8*4 g.
22
ajp - 25.4°
1.90 g, 30^ 
la]^l0+ 17.6°
2.32 g. 3C$
a ! ^ -  18.26°
79.2
r
8.3
3.3
76.4
72.2
10
10
28
23
23
27
25
22In another experiment benzyl (+)-l-phenyl-ethyl ether + 23.04°
was kept with potassium amide (2 mol) for 30 hours and then refluxed for
3.2 hours. The yield and optical rotation of the rearranged carbinol 
22a,p + 18.16°, remained unaffected and when refluxing was omitted in the opera 
tion-^the yield of the re-arranged carbinol was found to be only 7 “ 10^ and 
90% of the ether was recovered. It seems probable that most of the re­
arrangement takes place during the refluxing stage. This observation
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supports Wittig*s suggestion that re-arrangement is preceded by metallation.
Also it has been observed that racemisation of the re-arranged car­
binol in the first experiment was not due to heating but to keeping it for
a longer time.
Benzyl-l-phenyl-ethyl ether on re-arrangement could possibly form
either of these or a mixture of these carbinols.
Ph
Ph
C o  CH2Ph - Ph.CH,
C.OH
2
Me
(V)
Ph CHOH
(IV)
The determination of the structure of the re-arrangement product 
is discussed in the next chapter.
THE STRUCTURE OF THE OPTICALLY ACTIVE RE-ARR1NG-ED PRODUCT
Wittig’s suggestion that the re-arrangement of ethers proceeds 
by metallation is supported by failure of present attempts to re-arrange 
ethers by non-metaliio bases like pyridine and dioxane. Consequently two 
structures are possible for potassium derivative of bensyl-l-phenyl-ethyl 
ether* The potassium derivatives on heating re-arrange to potassium 
carbinolate*
Ph CH ---  Me
0 CH2Ph
Ph —  C (K) —  Me Ph CH Me
0 CH2Ph
(ii)
0 ---- (K)CHoPh
(III)
Ph - C (OK) — Me Ph ---- CH   Me
Ph.CH,2
•(IV)
Ph CH(OK)
(V)
Structure (ill) is more probable for the potassium derivative since 
the ether can be recovered from its metallised derivative with but little
loss of optical activity.
(a) That the product of re-arrangement is a carbinol has been prove-:
by preparing its phenyl urethane; hydrogen phthalic ester and acetyl 
derivative.
(b) The secondary structure of the carbinol has been ascertained by 
comparing the derivatives with the corresponding derivatives of the 
synthetic alcohol:- 1,2 diphenyl propyl alcohol. It was further con­
firmed by oxidising the re-arranged carbinol to the corresponding ketone
i.e. 1-phenyl propiophenone m.p. 50-52° and comparing it with the ketone 
m.p. 50-52° formed by oxidation of 1,2 diphenyl propyl alcohol.
.Also the other possible re-arrangement product (C) —  benzyl 
phenyl methyl carbinol — a tertiary alcohol is solid m.p. 50-51° (Saba­
tier and Murat^) and the re-arranged carbinol could not be obtained in 
crystalline form by any means.
Ph
CH 0 CH?.Ph
Me
i
Ph ---  CH(OH)
ME
(B) (C)
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(c) 'The optically active re-arranged carbinol when shaken with cold 
concentrated hydrochloric arid and the resultant chloride in turn shaken 
with aqueous alkali regenerated the original carbinol without any loss of 
optical activity.
It follows that the hydroxyl group is not directly attached to the
❖
original asymmetric carbon C atom and a new asymmetric centre has been 
generated to which the hydroxyl group is directly aitachedjbecause if the 
hydroxyl group were attached to the original active carbon atom to form a 
tertiary alcohol (c) the acid - alkali treatment would have caused almost 
complete racemisation in the regenerated carbinol.
Thus it proves that the benzyl-l-phenyl-ethyl ether on re-arrangement 
formed a secondary alcohol (b ).
It is evident that in the secondary alcohol formed on re-arrangement 
there has been generated a new asymmetric centre to which the hydroxyl 
group is directly linked; if the formation of this new asymmetric centre 
has been attended by any degree of asymmetric synthesis then any contribu­
tion made to the total optical activity of the molecule by this new centre 
would be destroyed by acid-alkali treatment. On the other hand, the 
optical activity contributed by the original asymmetric centre C would be 
unaffected.
(a) The configuration of the secondary alcohol - 1,2 diphenyl propyl 
alcohol — obtained on re-arrangement of benzyl-l-phenyl-ethyl ether was 
established to be "a" and not "i3” from the identity of the carbinol itself
and its phenyl urethane with the physical constants recorded by
73Tiffeneau.
m.p. phenyl urethane m.p. 
a - form 290~'*300°/760 mm - 116°
(3 - form 288~290°/760 mm 48° 122°
re-arranged carbinol 296-300°/76>0 mm - 115-116°
Thus of the two diasterioisomers of 1,2 diphenyl propyl alcohol 
the re-arranged product is the ’a’ form
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THE MECHANISM OF THE PE-/JdiM&EMENT
It has been observed that benzyl and benzhydryl ethers on metallation 
re-arrange to isomeric alcohols with migration of one alkyl group into 
a-position of the other.
The shift of the alkyl group has been investigated in the re-arrange­
ment of optically active ethers by allowing :
/ \ *(i) a symmetrical group to move from oxygen to carbon, C atom which is
already dissymmetric and optically active
Ph
C02Et C02Et
H Ph
0 CH.Ph, CH.Ph,
OH
Ethyl mandelyl benzhydryl ether
(ii) a dissymmetric and potentially active group to move from oxygen 
to symmetric carbon thereby converting it to a dissymmetric atom, thus a 
potential centre of optical activity.
Et H
V
CH£Ph
benzyl-(3-butyl ether
Et
Ph
C
H
Me
•H
OH
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Ph H Ph H
X  X
❖ x \  *
C .  - >  C
Me ' 0 —  CH2Ph
benzyl-1-pheny 1-ethyl ether
'Me 
H
Ph —  C
X
X
OH
In case (i) ethyl mandelyl benzhydryl ether racemised before re­
arrangement had occurred. It did not give any clue to the mechanism of 
re-arrangement and the cause of racemisation under the experimental condi­
tions needs to be investigated.
In case (ii) it has been found that benzyl'-(3-butyl ether like a- 
methyl benzyl fluorenyl ether (Stevens ) underwent racemisation during the
process of re-arrangement while the unchanged ether recovered was fully
by phenyl group,
active; but on replacing the ethyl or methyl group in benzyl-p-butyl ether/
the re-arrangement of the ethers thus formed**- benzyl-l-phenyl-propyl ether 
Ldo
(Wotton ); benzyl-l-phenyl-ethyl ether —  into the corresponding isomeric 
optically active alcohols>has been realised.
It shows that racemisation of benzyl-p-butyl ether during the process 
of re-arrangement was due to the absence of phenyl group attached to the 
potentially active carbon C atom. This needs to be further confirmed by 
studying the re-arrangement of a-pheryl-9-fluorenyl ether, i.e. replacing 
methyl group by phenyl, in a-methyl-benzyl-9-fluorenyl ether (Stevens).
The re-arrangement of optically active benzyl-l-phenyl ethyl and
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benzyi-l-phenyl-propyl ethers to the corresponding optically active carbinols 
establishes the intramolecular nature of the reaction.
benzyl ethers indicates that the re-arrangement of ethers is always accom­
panied by a side reaction of the intermediates resulting in the isolation of 
benzaldehyde (obtained as benzoic acid) and toluene. The formation of the 
latter substances is shown by Hauser by the course (b) in the equation
It confirms Hauser’s view regarding the formation of benzaldehyde and
by ^-elimination because the re-arranged carbinol does not change on treat­
ment with potassium amide under similar experimental conditions.
Thus the formation of (^elimination products and stability of the re­
arranged carbinol on treatment with potassium amide shows that the re­
arrangement of ethers takes place in two steps :
The presence of benzoic acid in re-arranged carbinols formed from
CH2Ph
KNH,
~ — >  Ph.CH0.CH2Ph ^ >  Ph.CHO K+(Ph.CH2)20
Ph.CHO + Ph.CH2 K+ r^Ph.Me
toluene by ^-elimination and also that the re-arrangement is not followed
(a) metallation,
(b) re-arrangement of the metallated ether.
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Metallation
Two mols of potassium amide have been used to effect the re-arrangemen 
of ethers because on treating benzyl-[3-butyl ether with equivalent amount 
of potassium amide resulted in the formation of benz amide and benzoic acid. 
Hauser has also mentioned that when the equivalent amounts of dibenzyl ether 
and potassium amide were allowed to react, benzamide and benzaldehyde were 
isolated.
amide
The necessity of two molecular equivalents of potassium/in effecting 
the re-arrangement of ethers needs to be established5because in the
mechanisms suggested only one atom of potassium has been taken in metallation
the '
of ethers and the function of/second potassium atom (or potassium amide
molecule) has not been considered.
The second molecule of potassium amide might be metallating the
ether at the other carbon atom linked to oxygen
C(K)H„Ph
2 K M  K+ K* I
(Ph.CH2)20 ----------Ph.CHOC.PH ---------^  Ph.CHCLK
or helps the intermediate formed to undergo intramolecular re-arrangement. 
Re-arrangement
The mechanism of re-arrangement must account for the retention of 
optical activity and function of phenyl group attached to potentially 
active carbon in isomerisation of optically active ethers.
Nucleophilic and electrophilic substitutions can proceed in either of
two ways, (a) unimolecular, or (b) bimolecular.
56Hughes and Ingold suggested the unimolecular nucleophilic and 
electrophilic substitutions at saturated carbon (S^l and S^l reactions) might 
occur with r etention of configuration. Since that time it has been observed 
that S^ jl reaction can occur with inversion (Kenyon, Phillips and Pittman^),
C**7 r Q
retention (Cram , Boozer and Lewis ) or with total racemisation (Arcus,
Balfe and Kenyon^*; Balfe, Evans, Kenyon and N a n d i T h e  stereochemical
course of the reaction depends on such features as the character of the
leaving group, the dissociating power and nucleophilicity of the solvent
and ability of the substituents to stabilize the carbonium ion*
22
Cram and co-workers studied the conditions required for different 
steric courses of S,,l and S^l reactions.
-IM jti:
Retention mechanism -
S^l:occurs when a complex leaving group carries its own nucleophile, 
as in the reaction of chlorosuljhites in non-dissociating solvents
C Cl
\  / ;
alkyl sulphite 0
Cl
'7* c* ’ so,
asym-ion pair retained config.
S^l: occurs when a complex ion leaving group carries its own 
Ja
eleotrophile, as in reactions of alkoxides in non-dissociating solvents
solvated metal alkoxide asym-ion pair retained config.
Raoemlzation mechanism
Sj^ ls occurs in relatively non-nucleophilic but strongly dissociating 
solvents in which relatively long lived carbonium ions react with e xternal 
nucleophiles
 04'- - - • - os  >  c — - os so— dtl
H
alkyl halides
tosylates, etc. sym. solvated carbonium racemic product
S^l: occurs in non-proton donating but strongly dissociating solvent 
in which relatively long lived carbaaions react with external electrophiles.
0 -v Me %  /-Me
(CH7)0 SO ( \ /  I
  C — ^ ^  O^S-C  S --- * 0 — - --- > /C - H H - cl
[ I I I  /
Me * Me
alkoxide anions or sym. solvated racemic product
solvent separated in carbanions
ion pairs
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Inversion mechanism
Sjgl: occurs in strongly nucleophilic and ionising solvent in which 
short-lived carbonium ions react with external nucleophiles.
H
alkyl halides asym. ion pair inverted config.
tosylates, etc,
S-l; occurs in strongly-electrophilic and dissociating solvents 
in which short-lived carbanions react with external electrophiles.
solvent separated assynu solvated inverted
ion pair carb%iion config.
The similarity between the nucleojhilic and electrophilic substitution
reaction stops with the monomolecular variety.
The bimolecular nucleophilic substitution reaction at saturated
carbon (S^2 reaction) occurs with complete inversion of configuration
(Streitwieser^°).
In the only electrophilic substitution which might be bimolecular
(S 2) and whose stereochemical course has been critically studied by 
£
6lWinstein, Taylor and Garner , cis-2-methoxy cyolo hexyl neophenyl mercury 
was found to react with radio-active mercuric chloride to give radioactive 
cis-2-methoxy cyclo hexyl mercuric chloride with better than 99% retention 
of configuration.
In S^2 reaction, since the entering group is seeking a positive 
charge, it attacks the nucleus along an axis which is as far as possible 
from any bond.
in Se2 reaction, since the entering group is seeking electrons, it 
probably attacks the bond of the leaving group.
The re-arrangement of ethers involves the migration of the organic 
group and the metal atom.
.on of the organic group
Only two mechanisms seem possible for the electrophilic migration 
of the optically active group, viz.;- S^l and S^2 at the seat of association.
K K.
/
H i  - -  C   0 --- CH.Ph ----- >  Ph   C - - - -
i AI /  \
H Me H CH.Ph
Me
/
Sgl substitution
If the cleavage of the C —  0 bond, setting free, the 1-phenyl ethyl
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group v/ere followed very r apidly by the formation of the C —  C bond so
that the migrating group had no time to flatten., then either inversion or 
retention of configuration would occur - probably retention owing to steric 
hindrance, also inversion, has not so far been observed in the re-arrange­
ment of optically active ethers. A high degree of racemisation would 
result since a free carbonium ion would flatten with great r apidity each 
allowing approach from either side. The migrating group would approach 
the "benzyl" carbon atom from either side, reducing the possibility of
induced asymmetry. Thus S^l mechanism appears unlikely.ii
3^2 substitution 
h _____
Two structures are possible for the transition state complex when 
the bond between the asymmetric carbon atom and the oxygen weakens as that 
between the asymmetric carbon atom and the "benzyl carbon grows stronger.
Ph H
Ph , Me
C H
H
0"
\
Ph
H K K
(a) 00
If the route (a) of the normal bimolecular substitution is followed,
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oomplete. inversion of the asymmetric carbon atom would be expected while 
when the route 00 is followed, complete retention of the configuration 
would'be expected. Thus route (b) seems more probable,
S.^ 2 substitution at the seat of association is accepted as the migra­
tion route of the organic group.
Migration of the Potassium atom
The potassium (metal) atom could migrate either by an intramolecular 
or intermolecular path.
(a) Intramolecular migration of the potassium atom
Sg2 substitution by the potassium atom at the seat of dissociation 
of the organic group involves i
(i) dissociation of oxygen-carbon bond,
(ii) association of carbon-benzyl group bond, and
(iii) dissociation of carbon-potassium bond.
The potassium atom and the organic group would move along the carbon-oxygen 
bond in opposite directions always remaining within the orbit of the 
7r-electrons associated with the bond. Therefore, the movement of the two
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groups would be synchronous. This mechanism supports Wittig's finding 
that the reaction is unimolecular or pseudo-unimolecular.
) Inter molecular migration of the potassium atom
The attack by potassium atom at the seat of dissociation of the 
organic group causes :
(i) dissociation of the oxygen-carbon bond,
(ii) association of the carbon-benzyl group bond, and
(iii) dissociation of the carbon-potassium bond.
H K K+
\  /  \  ' \  
c:4 - 7 % K - ; - . NH2 — ;c;— - °
V
&  ' c pf* / '  \ \  Fa s.
Me \ Ph /  | \
H M£ | \
h H Ph
Intermolecular movement of the metal atom depends upon either the metal ion 
or easily ionisable metal compounds in solution up to a limit, the greater 
the concentration of these entities, the faster will be the overall rate of 
re-arrangement.
These are the conditions for a bimolecular reaction. Wittig and 
Clausnizer^0 showed that the reaction proceeds at a unimolecular rate when 
metallised ether alone is allowed to re-arrange, but on the other hand 
Stevens re-arrangement is bimolecular since it is dependent on the presence
of basic ions and the rate increases with the concentration of the base 
present to a maximum (ref.4-5)° The Stevens re-arrangement, therefore, 
proceeds via the route involving the intermolecular re-arrangement of 
the hydrosyl group.
CH0Ph CH0Ph CH0Ph
n  ^ /  \ \
Me^N -----  CH   H vv0H~   sHfe2 N  CH ....H.„..0H~--- >Me2N-CH H~0H
j I
CO .Ph CO.Ph
The intermolecular route seems probable for the migration of potassium 
atom because it accounts for the use of two molecular equivalents of 
potassium amide to affect the re-arrangement.
Summing up the results and speculations, the optically active ethers 
(benzyl-l-phenyl ethyl ether) seem to undergo re-arrangement as represented 
by the equations below
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(ii) C/
Ph
PhMe H
... m,
H
Ph
o ... rJm2
' X
H Ph
©
no
to
fj
&
*
d
§
'do
Steps (i) arid (ii) seem to occur simultaneously.
H K H
l«d
©
to
3
to
rH
I c\l
0
E ©
Si— I
1
(iii) \
0 ..w K NH,
Heat
or long keeping x c - 
/' \
Ph C
/ ; \
Ph
K
*0 K
"\
Me H Ph
/ ! \
Me H Ph
I C6
t:,H wji £ cot og
K| <A ©I
*
Ph.CHO + Ph.C0*NHr
(iv)
H
Ph
HOH
sjr
0  H
/
/
PhHMe
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The Resolution of
(i) (i) Mandelic acid.
(ii) (-) Butan-2-ol (sec-butyl alcohol).
(iii) (-) 1-Ptienyl-ethyl alcohol (Phenyl-methyl carbinol).
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(i) The resolution of (£) mandelic acid
(-) Mandelic acid has been efficiently resolved into its (+) and 
(-) isomers by fractional crystallisation of its cinchonine salts from a 
mixture of acetone-chloroform (2 : 1).
(+) and (-) mandelic acids (m.p. 132-133°* [a1^° + 156; m.p. 133"“
*’■" 0»3.0
134-°, !alD - 158 respectively) have been obtained in up to 70% of the 
theoretical yield.
/ + \Numerous workers resolved (-) mandelic acid by use of many different 
alkaloids^and most of them employed water as solvent for the fractional 
crystallisation of these salts.
62Lewkowitsch isolated (+) mandelic acid by employing penicillium
glauoum and later by means of a nucleus of cinchonine (+) mandelate; for
the preparation of (-) mandelic acid he used saccharomyces ellipsoideus.
McKenzie^ and Rimbach^ independently resolved (£) mandelic acid
by different alkaloids - cinchonine, cinchonidine brucine, quinine, j
quinidine and morphine in aqueous solutions but eventually they suggested |
natural amygdalin as a convenient source of (-) mandelic acid. Most of j
49the later workers follov/ed McKenzie's method.
6kWard, Chrisman and Nicholas recommended morphine for resolution
4- 63 !
of (-) mandelic acid from alcohol (60%). Levene and co-workers em­
ployed (-) ephedrine for preparation of (-) mandelic acid on the suggestion ;
66
of Richard and Johnson •
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Manske and Johnson^ and Skita, Keil and Meiner^ resolved (-) 
mandelic acid by means of both optically active forms of ephedrine from 
absolute alcohol.
61-
Ward, Chrisman and Nicholas r pointed out a discrepancy in melting 
point of cinchonine (+) mandelate recorded by McKenzie (79-80°) and found 
it to be 176-177°.
The melting point of cinchonine (+)~mandelate (less soluble salt) 
has been found to be 179-180° and it seems that the melting point recorded 
by McKenzie is just a slip-,or misprint.
(ii) The resolution of (-) Butan-2-ol
(-) Butan-2-ol was resolved by Pickard and Kenyon’s method by 
fractional crystallisation of brucine salt of (-) hydrogen phthalate. 
Pickard and Kenyon did not obtain (-) butan-2-ol in an optically pure con­
dition because they could not obtain brucine salt of (-) hydrogen phthalate 
in crystalline form from the mother liquor of the more soluble brucine 
salt. They converted (-) and (-) butan-2-ol obtained from the more 
soluble fractions of the brucine salt into its liquid hydrogen succinic 
ester^ which was then converted into cinchonidine salt to get optically pure 
(-) butan-2-ol ( a ^  + 13*8°; - 13.1°)*
In the present work (+) and (-) butan-2-ol have been obtained in
OO
optically pure condition (a^ + 13*86°; - 13.1°) from the respective
brucine salts.
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Viditz^ obtained the crystalline brucine salt of (-) hydrogen 
phthalic ester m.p* 119-121° from the mother liquor of the more soluble 
brucine salt. He could not purify it further by crystallisation from aiy 
solvent because the salt did not separate out easily from its solution in 
acetone, alcohol or chloroform.
The brucine salt of (-) hydrogen phthalate m.p.119-121° was obtained 
by seeding the concentrated mother liquor with less soluble brucine salt and 
purified by recrystallisation from acetone containing a few drops of petrol­
eum ether 6o/80°. After three crystallisations it had m.p. 154-156°; 
yield.
(+) and (-) hydrogen phthalic esters m.p. 56-57° (the melting point 
of (-) hydrogen phthalate is also 56-57°) have been obtained as octahedral 
crystals in 93% 11% yields respectively. Pickard and Kenyon ^
have recorded the melting point of (+) hydrogen phthalate 47-43° (solidi­
fied on porous tile) only but they did not obtain (-) hydrogen phthalate 
in solid state.
The melting point of (-) hydrogen phthalate has not been mentioned 
in literature by later workers; probably they could not obtain it in 
crystalline form.
(-) hydrogen phthalic ester was obtained in crystalline form from
%
its solution in ether by removing the last traces of the solvent by passing 
air through it and then purified by crystallisation from ether and light 
petroleum m.p.56-57°> 11%> yield; Tal^"0 - 36.5°.
(iii) The resolution of (±) l-Phenyl-ethyl alcohol
(-) 1-Phenyl ethyl alcohol was resolved by Houssa and Kenyon’s 
71
method by fractional Crystallisation of brucine salt of (-) hydrogen 
phthalate from aoetone-chloroform (4 % l) solution.
Houssa and Kenyon isolated the brucine salts by fractional crystalli- 
sation from hot acetone so3.ution,because the brucine salts differ slightly 
in solubility in cold acetone^but markedly in hot.
The less soluble brucine salt separated out from acetone-chloroform 
solution on keeping.;and the more soluble brucine salt was obtained from the 
mother liquor after removal of the less soluble brucine salt, by seeding the 
concentrated mother liquor with less soluble brucine salt.
The more soluble brucine salt obtained from acetone-chloroform solu­
tion had m.p. 107° and when obtained by fractional crystallisation from 
hot acetone had m.p. 85°, which on subsequent purification by crystallisation 
rose to 107°.
Houssa and Kenyon obtained the optically active hydrogen phthalic
esters in crystalline form on keeping the oily esters for several months.
72Downer and Kenyon obtained the optically active hydrogen phthalic esters 
by crystallising the oily esters from carbon disulphide but in the present 
work ether has been used instead of carbon disulphidef and the hydrogen 
phthalates were obtained in crystalline form within an hour by passing air 
through the concentrated solutions to remove the last traces of the solvent.
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E X P E R I M E N T A L
/
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1* Preparation and re-arrangement of optically active 
Ethyl mandelyl benghydryl ether
COO.Et
PhoCH
CHoPh,
Ph C ( OH) — C OEt
CH.Ph,
S U M M A R Y
(-) Mandelic Acid m.p. 118$ 
+ Cinchonine
i/
Less soluble cinchonine mandelate 
m. p.179-180°; 95$
(-) mandelic acid 
m.p.133-134°; 70$
[aJpt0H - 158° (1,1) 
EtOH
(') ethyl mandelate 
m.p.35-36°; 99^
fa]^t0H - 200.0° (1,1)
■S'
Benzophenone
s /
Benzophenone hydrasone
Diphenyl diazomethane
  .a j ?
(-) ethyl mandelyl benzhydryl ether 
m.p.48-50°; 47$
\a j ^ t0H - 286° (1,1)
Diphenyl ketazine 
m.p.160-l6l°
(+) ethyl mandelyl be 
m.p. 48-50°;
r 1 EtOH , OQ,0
L i D + 283 (1>
Benzhydryl ether of 
(-) mandelic acid 
m.p.158-1600; 56$
   — — .
(-) a.a.(3.{3.tetraphenyl 
ethane
m.p.208-210°
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The Resolution of ( « ) Mandelic Acid 
Introduction
62Dextrorotatory mandelic acid was obtained by Lewkowitsch by the 
use of panicellium glaucum and the corresponding laevo-acid by fractional 
crystallisation of its cinchonine salt from water.
During the intervening years numerous descriptions have been published 
for obtaining (*•)or (~)mandelic acid by use of many different alkaloids, and 
also of ephidrins - thus implying that no really efficient method of re­
solution has been found. It is somewhat remarkable that the only solvent 
used for the fractional crystallisation of these various salts has been 
water.
It is now found that the alkaloid used for this purpose - cinchonine - 
proves very effective when its salt with mandelic acid is fractionally 
crystallised not from water but from a mixture of acetone and chloroform.
It has been found further that an increase in the proportion of cinchonine, 
i.e. more than one molecular amount, gives a larger yield of optically pure 
mandelic acid.
Preparation of cinchonine mandelate
To (-) mandelic acid (50 g., 1 mol) dissolved in acetone (100 ml.) 
added a solution of cinchonine (125 1.25 mol) in chloroform (150 ml.)
and warmed. The clear solution on standing for one hour started depositing 
the less soluble cinchonine mandelate, and the whole of it separated after
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keeping over night (74.5 g., m.p. 173~175°). After three crystallisations 
from chloroform-acetone (l : 2) it had m.p. 179-180° (71.25 g., 95$).
The filtrate did not deposit any more salt even after a week. The 
mother liquors were combined with the fij.trate and concentrated to 100 ml. 
and mixed with acetone (50 ml.). After keeping overnight it started de­
positing the more soluble cinchonine mandelate and continued depositing the 
salt for four days until a viscous solution was left behind that did not 
give any crystals even after keeping for a month. The more soluble cin­
chonine mandelate (73*46 g., m.p. 158-161°) after three crystallisations
a
from acetone had m.p. I65-I660 (59.8 g., 79° 8;^ ), Ward Chrisman and Nicholas, 
m.p. 176-177°, 165-166°, McKenaie/^m.p. 179-180°, 165-166°.
Liberation of optically active mandelic acids
The less soluble cinchonine mandelate (70.0 g.) was made into a 
paste with acetone (15 ml.) and decomposed with ice cold hydrochloric acid 
(l : l) until the resulting solution was just acidic to congo red. Diluted
the solution to one litre and extracted twice with ether (750 ml.). Re­
moved cinchonine from th4 aqueous solution with ammonia and extracted the 
aqueous filtrate again with ether (750 ml.) after acidifying vfith dilute 
hydrochloric acid.
The combined ether extracts were washed with water, dried and the 
solvent distilled off. Mandelic acid (22.4 g.) m.p, 124-129° after three 
crystallisation from acetone-benzene had m.p. 133*"134°C (16.3 g., 69.9$)
ja]Et0H - 158.0° (1,1).
1 -D
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The mother liquors on evaporation left behind (-) mandelic acid 
(7.32 g.) m.p. 118°C.
Similarly the more soluble cinchonine mandelate (58.1 g.) yielded (+) 
mandelic acid (12.8 g., 6 5 .3 %) m.p. 132-13 3 °; [a]pt0? 156.0° (l.l) and 
(-) mandelic acid (6.2 g.) m.p. 1I8°C, McKenzie4 -^ fafpt0H - 159.7°;
Wood. Chrisman and Nicholas - 157.2° (C 2.01, I 2); - 143.3°.
A solution of (+) mandelic acid (10.0 g., m.p. 132-133°; +
156°) and sulphuric acid (3 g. cone.) in ethanol (100$; 30 g.) after heat­
ing under reflux for six hours was concentrated and the residue poured into 
water (100 ml.)^ The aqueous solution rendered alkaline with sodium 
carbonate and extracted with ether.
It had b.p. 153“155°/30 mm. and rapidly solidified (yield 11.5 g*, 
99%). It separated from light petroleum as octahedron m.p. 35-36°.
[o]f0H + 200.0° (1,1), McKenzie4^ a]pt0H - 205°; K u h n ^ a ] ™ H * 205°,
I Q
Turner and Findley m.p.,34°*
Preparation of (-) ethyl mandelate
(-) mandelic acid (10 g. m.p. 133-134°; “ 158° (c^,
treated as described above, yielded (-) ethyl mandelate (99$) b.p. 133-135°/ 
30 mm.; m.p. 34-36°. It separated from light petroleum m.p. 38-39°; 
yield 11.5 S.; [a]^011 - 200.0° (c^ R p .
Benzophenone hydrazone mep.98° (9*8 g., 1 mole) and yellow oxide of 1
I
mercury (11 g.5 1 mol) were shaken in a stout bottle with light petroleum !
(50 ml.) for six hours and the product filtered to remove mercury and 
benzophenone azine. Evaporation of the filtrate under diminished pressure 
yielded crystalline diphenyl diazomethane (8.73 g.; 90^) «* a portion re- |j
crystallised from light petroleum had m,p. 29~*30°. (0rg.Syn.Vol.III,35). |!
To a hot solution of (-) ethyl mandelate 200° in EtOH; 9.05g.) W- -p j i
and diphenyl diazomethane (8.73 g.; 0.9 mol) in benzene (100 ml.) was added it
Is
concentrated sulphuric acid (3 drops). After the initial vigorous reaction
' ! !
had subsided the solution was heated under reflux for 2 hours. The solu- - I
tion was washed with sodium carbonate solution (5%) and then with water to
j
remove unchanged ethyl mandelate. The benzene was removed by distillation | | j
and the residue dissolved in ethanol (96%; 150 ml.) and left in a refrig- !'I i
erator for three hours. After removing benzophenone azine m.p. l6o-l6l°
(A.2 g.) the filtrate was concentrated under diminished pressure to about 
73 mol. and left in the refrigerator overnight. The resulting (-) ethyl 
mandelyl benzhydryl ether separated from ethanol in m.p. 48-50°; 8.2 g; 1+7% 
faf^ - 286° (c^ ethanol).
Similarly (+) ethyl mandelate (9.0 g.; m.p. 33-36°; + 200°)
yielded the corresponding (+) benzhydryl ether m.p. 48-50° (7*53 g.)
+ 283° in ethanol (J\)»
Curtin and Proop1^ gave m.p. of (-) ethyl mandelyl ether 48-50°.
(-) Ethyl mandelyl benzhydryl ether (8.0 g.) was heated for an hour 
under reflux with sodium ethoxide prepared by dissolving sodium (2.1 g.) in 
anhydrous ethanol (100 ml.); the reaction mixture was poured on to acetic 
acid (50 ml.) diluted with ice + water (450 ml.) and extracted with ether 
(300 ml.).
The ethereal extract, after washing with water was shaken with 
sodium hydroxide (10^; 100 ml.) solution, acidification of which yielded 
crystals of benzhydryl ether of (-} mandelic acid, m.p. 158-160° (4.5 g.; 
56%), It proved to be optically inactive.
The ethereal extract was washed with water until neutral to litmus, 
then dried and the solvent evaporated; the residue, dissolved in ethanol 
(30 ml.) and set aside for an hour, deposited crystals of a.a.(3.(3. tetra- 
phenyl ethane (o.l2 g.) m.p. 208-210° (Biltz7 gives m.p. 211°) which were 
removed.
The filtrate concentrated and kept in a refrigerator, deposited 
yellowish crystals, which after crystallisation from ethanol yielded 
ethyl (i) a..(3.(3. triphenyl lactate as fine octahedral crystals m.p.118- 
120° (3.2 g.; kO%).
It is optically inactive in ethyl alcohol, acetone and ether.
Curtin and Proop1^ gave m.p. 112-113°. Kohler;. Richtmeyer and Hester^
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gave m.p. 118-120°.
The ethanol filtrate yielded further crystals m.p, 118-120° of 
ethyl a.(3.p. triethyl lactate.
Similarly (+) ethyl mandelyl benzhydryl ether (8.0 g.) m.p. 48-50° 
ja|pt0H + 283° yielded crystals of ethyl (-) a,(3,(3. triphenyl lactate 
(3*1 g*> 40%; m.p. 117-119°) on treatment with sodium ethoxide solution 
prepared by dissolving sodium (2.1 g.) in anhydrous ethanol.
These also proved to be devoid of optical activity.
Preparation and re-arrangement of optically active 
Benzyl-(3-butyl ether
SUMMARY
dl-Q-butyl alcohol (l mol)
j
* Phthalic anhydride (l mole)
dl-2-butyl hydrogen phthalate ;
> V- Sk-Tr6
! + Brucine
less soluble brucine salt 
m.p.156-157°; yield 99%
d-2-butyl hydrogen phthalate 
m.Po56-57°; yield 93$
r -sEtOH jq r 
L<yD +38.6
d-butan-2-ol
b.p.99-95°; yield 9 0 %
a!2 + 13.6°; n?° 1.3954D D
V
Sod. (d)-2-butoxide
benzyl chloride
N/
Benzyl (d)-(3-butyl ether 
b.p. 94-93A3
a22 + 22.0° | n20 1,4880
D D
 ' '   •'1/
more soluble brucine salt
m.p. 134156°; yield 83$
'i
1-2-butyl hydrogen phthalate 
m.p.56-57°; yieia 11%
falf0H - 36.5
p 4
±r r*butan-2-ol 
b.p. 99-99.5°; yield 90$
22 12 -i 20 i 200— 13.1; n^ 1*3954
i
Sod.(£)-2-butoxide
benzyl chloride
Benzyl (£)-(3-butyl ether 
b.p. 94-95A3 mm.
a,22 - 21.8°; n20 1.4880
dl-l-phenyl-2-methyl-butan-l-ol
b.p. 120-122A3
+ unchanged ether 50$ b.p. 94-95°A3 ebb. + 21.62
+ Residue.
The Resolution of (-) butan-2~ol t
Introduction j
Optically pure (+)-butan-2-ol was first prepared by Pickard and
£9 .4.»
Kenyon "oy fractional crystallisation of the brucine salt of the (-) hydrogel
phthalate but they did not obtain (-)-butan~2-ol in an optically pure con­
dition. Pickard and Kenyon ^ converted (-) and (-) butanol, obtained from 
the more soluble fractions of the brucine salt into its liquid hydrogen
t
succinic ester. The cinchonidine salt of this ester after five crystallisa­
tions from acetone - in which it is very soluble - yielded the (-) ester 
which on hydrolysis gave (~)-butan-2-ol, |
The main interest attaching to this procedure is that by its means 
(-) butanol was obtained possessing the same magnitude of rotatory power j;
as that of the (-*•)-butanol using a different acid ester and a different |
alkaloid - thus the probability that optical purity has been reached is 
considerably strengthened.
Some twenty years later Viditz^O obtained the crystalline brucine salt 1 
of the (-) hydrogen phthalate which separated from the mother liquors of 
the more soluble brucine salt; this is a welcome simplification of pro­
cedure which has been used in the present work.
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'eparation o:
A mixture of 2-butanol (148 g., 2 mol) phthalic anhydride (296 g.,
2 mol), triethylamine (lOOg., 1 mol), and dioxane (90 g., 1 mol) was kept
at 6o-70°C for an hour and the resulting clear liquid cooled and acidified
with dilute hydrochloric acid mixed with ice. The viscous layer of
hydrogen phthalate was dissolved in ether, thoroughly washed and dried
(Na^SO^) and the solvent removed when the residue (m.p. 54--560) was re-
crystallised from ether and light petroleum to yield octahedral crystals,
m.p. 56-57°. Yield 355 g., 80^.
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Pickard and Kenyon gave m.p. 56-57°.
(•f)~2-butyl hydrogen phthalate
11 **— *T*~nrrT—tt-it 1 i T ^ n m nit
A solution of the (-) hydrogen phthalate (222 g., 1 mol) in hot ace­
tone (300 ml.) was added to a suspension of brucine (394- g., 1 mol) in 
acetone (300 ml.) and the whole heated for about five minutes on the steam 
bath until the brucine was completely dissolved. Next day the crop of 
crystals (355 g.) was removed and washed with cold acetone and recrystallised 
from the minimum amount of chloroform and acetone (1 : 2) -  this raised the 
melting point of the salt from 133-135° to 155-157° (yield 308 g.). The 
mother liquor was added to the first filtrate, when, after some days, a 
small amount of the less soluble brucine salt separated. This was re­
moved and the mother liquor concentrated to about half bulk.
The less soluble brucine salt (300 g.) made into a thin paste with 
acetone was acidified with ice-cold dilute hydrochloric acid and the
—59*”
resulting solution diluted with ice and water until the precipitation of 
oil was complete. After deoantation of the aqueous layer (from which the 
brucine was subsequently recovered) the oily hydrogen phthalate was thorough­
ly washed and after solidification, crystallised from ether and light
r- - 99
petroleum, m.p. 56-57°; yield 90 g. jaJD + 38.6° (1,1, EtOH).
The filtrate from which the less soluble brucine salt had been re­
moved after standing for about a week began to deposit the brucine salt of 
the (-) hydrogen phthalate - this steadily increased until almost the whole 
separated. It had m.p. 119-121°, it was recrystallised twice from acetone — 
in which it is very soluble, and finally from methanol to yield rhombic 
crystals m.p0 156.0°, yield 257 g.
From it was obtained the (-) hydrogen phthalate by acidification
followed by crystallisation of the viscous hydrogen phthalate from ether
99
and light petroleum, m.p. 56-57°, yield 64 g. faAp - 36.5° (1,1* EtOH). 
(+)-butan-2-ol
(+)-butan-2-ol was obtained from the (+) hydrogen phthalate (90 g.) by 
hydrolysis with concentrated aqueous solution of caustic soda (41 g.j 2^ mol) 
followed by steam distillation. The distillate was salted out with potassium 
carbonate extracted with ether and dried with potassium carbonate to yield the 
required optically active alcohol; yield 27 g., b.p.99-99*5^/760 mm,
4 °  1.3954. a22 + 13.86 (£j_)
(-)-but an-2-ol
Similarly the (-) hydrogen phthalate (60 g.) yielded (-) butan-2-ol,
17.6 s., b.p.99-99.5°/750 mm. n20 1.3954. a22 - 13.1 (t^ )-
Sodium (2.73 g*) was melted under stirred xylene (30 ml.) and slowly 
allowed to cool: to the fine suspension (+)-butanol (8.8 g., 1 mol) was
added dropwise during an hour and the stirring continued for a further two 
hours. The mixture was then heated under reflux until reaction was com­
plete, moisture and carbon dioxide being excluded.
Cp "I p
Benzyl. (+)-3-but.yl ether (Norris and Rigby , Hauser and Kantor )
To the warmed and stirred fine suspension of sodium butoxide, benzyl 
chloride (11.6 g.) in xylene (15 ml.) was added during two hours with 
stirring and the stirring continued for another hour. After removal of the 
sodium chloride the filtrate was washed thoroughly with water, dried and 
distilled - Fraction I b.p. 55-60°/l3 mm. xylene 
Fraction II b.p.94-96°/l3 mm. ether.
The second fraction on redistillation had b.p. 94~96°/l3 mm*
In a similar manner (-)~(3-butanol (8.5 g.) yielded benzyl (-)-(3-butyl 
ether (15.2 g.).
1.4880, yield 78% + 22.0 (c^, t ^  in ethanol).
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le action of Potassium Amide
Benzyl (+)-{3-butyl ether (15 g., 1 mol) in anhydrous diethyl ether 
(200 ml.) was added to a well stirred solution of potassium amide (l6 g.,
2 mole) in liquid ammonia and the resulting solution stirred until the 
ammonia had evaporated. The resulting red solution - suspension was heated 
under reflux for 50 hours - total contact time 140 hours - and then mixed 
with the calculated amount of solid carbon dioxide. The whole was shaken 
with water (250 ml.) and the ethereal layer, after drying with sodium sul­
phate, was freed from ether and distilled.
(i) b.p. 92-96°/l3 mm. unchanged ether (8.86 g.) \ + 22° (<?^ j^ )
(ii) b.p. 12C-140°/13 mm. (-) phenyl-p-butjKl carbinol n ^  1.3950 3*95 g.
cl, - 0 D
? n
2nd experiment - 0 (Yield 28%) n^ 1.3950.
- EtOHIn a similar manner benzyl (-)-p-butyl ether fai_ - 21.8° (10 g. ) 
also yielded (-) phenyl-^-hutyl carbinol (2.875 g.) b.p.l20-122°/l3 mm.
G-lattfield and Cameron^ gave b.p. 125-126°/l5 mm.
12
Hauser and Kantor gave b.p, 120~122°/l3 mm.
Dumesnil gave b.p, 120-121/13 mm.
(2) Benzyl (-)-p-butyl ether (10.5 g.J “ ^2° ( 1,1,EtOH)) in diethyl
ether (100 ml. anhydrous) on treatment with potassium amide (3*5 g., 1 mol 
in place of 2 mols) .under similar conditions as the first experiment yielded 
benzamide (m.p.129-130°, 1.32 g.) and benzoic acid (m.p.119-120°, 0.89 g.) 
and an unidentified viscous oil which could not be distilled.
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Other attempts at effecting re-arrangements
(i) By the action of Phenyl lithium
A mixture of benzyl (-)-(3-butyl ether (8.2 g., 1 mol) and phenyl 
lithium (8.4 g., 2 mol) in diethyl ether (100 ml.) was stirred for four hours 
at 10°C and then decomposed with water and solid carbon dioxide. The 
ethereal layer, after washing with water and drying with sodium sulphate, was 
freed from the solvent and distilled. Unchanged ether distilled over at 
94-96°/l3 mm. and a dark red oily residue was left behind that could not 
be distilled.
(ii) By the action of Potassium t-outoxide
A solution of potassium metal (0.5 g«) dissolved in tert.butyl alcohol 
(10 ml., 2 mol soln. of potassium t-butoxide) and (-) benzyl-p-butyl ether
(5 g., 1 mol) was left under nitrogen for 60 hours at room temperature.
The red solution formed was decomposed with water and solid carbon dioxide 
and extracted with ether. The ether extract was dried with sodium sulphate 
and distilled.
Fraction I b,p. 94-96°/l3 mm. 3*1 6* unchanged ether
Fraction II b.p. 120-122/13 ram. 0.5 g. re-arranged product - phenyl-s-
butyl carbinol.
Residue - does not distil.
Repeated the above experiment with benzyl (-)-(3-butyl ether (5 g.) but 
the product of re-arrangement - phenyl-s-butyl carbinol, b.p.120-122/13 mm. - 
obtained was optically inactive.
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(iii) By the aotion of 
A solution of (-) benzyl-p-butyl ether (5 g., 1 mol) and potassium
hydroxide (3.41 g., 2 mol) in ethanol (2$ ml.) was left under nitrogen for 
a week. The solution did not develop any colour, probably the re-arrangement 
of the ether had not occurred. Decomposed the solution in the usual way 
aftep heating it at 50-60° for twenty hours. Unchanged ether (4.2 g.) and 
a small quantity of residue was obtained.
(iv) By the action of Diuxan
Repeated the above experiment by substituting potassium hydroxide 
by Dioxan (5.4 g., 2 mol) in ether (50 ml.).
Unchanged ether (4.45 g.) was recovered and a small amount of red oil 
was left behind as residue.
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3*. Preparation and re-arrangement of optically active 
Benzyl-i-ghenyl-ethyl ether
CHOH
(-) 1-Phenyl ethyl hydrogen phthalate 
m.p. 108°; 94/C
4=-- ~~--- -------
Less soluble brucine salt 
m.p..l52oCLec: Kv#
4-
(-) H.P. m.p. 82-83°,* Q3fo
H d 2 " 39e8 c 1*5; alc)
(-) 1-Phenyl.ethyl alcohol
99
b.p. 93“94°/Ik mm.;. 80^; n 1.3260
a .22 - 13.25 ( 1,1).
Potassium salt
More soluble brucine Si 
m.p.107°; 80%
(+) H.P. m.p.84-83°; 8] 
a u 2 - 40.9° (1,1, all
(+) 1-Phenyl ethyl alcohc 
b.p. 98-99°/ mm.; 83/C
n 22 1.5260; 
a 22 +.13.04° (1,1).
Potassium salt
■ -V
Benzyl (-) 1-phenyl ethyl ether
b.p*. 98-99°/0.2 mm.5 112-114°/0.3 mm.; 132-134°/3 mm* 
Yield 85-905?; „ 22 _ (Ij). n 20 1>5510a D D
KNH2 in Et20 I P
Benzyl (+) 1-phenyl ethyl 
"b.p. 97~99°/0.2 mm.; 112-3 
132-134°/3 mm.
Yield 82^; n 20 1#55io
a j:2 + 23.04 (£ ;1). 
 !
t BuONa in t BuOH
4r
^  - -~ —  Benzoic "‘'acid
Rearranged carbinol ocr
b.pVll8-120°/0.2 mm.; 131-132G/3 mm. /0 
n 20 1.5689; 4C$
rdTl22 - 18.26° (1,1.ale)
D *-17.68°
Residue 
does not 
distil or 
solidify
■----- 7 T — T
Benzoic acid
10^ J
(i) acetyl derivative - m.p.106-7°
(ii) urethane - m.p.114-116°
(iii) oxidation product - m.p. 30-32° 
(a-phenyl propiophenone)
oxime - m.p. 112-123°
(iv) hydrogen phthalate (did not solidify)
Rearranged c 
b.p.118-120C 
150-152°/3 n
n 20 1.5670;
fa]22 + 17.66 
-  18.26
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Preparation and Re-arrangement of (-) Benzyl-l-phenyl- 
ettyl etber
(a) Sodium Salt of (-)-l-phenyl-ethyl alcohol
Sodium (11,5 £•> Wl/2) was melted under xylene (200 ml.) and slowly 
allowed to cool: to the stirred fine suspension(-.) 1-phenyl-ethyl alcohol
(6l g., I//2) was added dropwise and stirring continued for a further two 
hours. The mixture was then heated under reflux until reaction w as complete, 
moisture and carbon dioxide being excluded.
(b) (-) Benzyl-l-pheny1-ethyl ether
To the warmed and stirred fine suspension of sodium salt of 1-phenyl- 
ethyl alcohol, benzyl chloride (63 g«, M/2) in xylene (lOO ml.) was added 
during two hours and the stirring continued for another hour. After re­
moval of the sodium chloride, the filtrate was washed thoroughly with water, 
dried and distilled.
Fraction I b.p. 30— °/0.5 nnn.
Fraction II b.p. 112-llb/0.5 mm.
The fraction II on redistillation had b.p. 98-100/0.2 mm;
112-1124/ 0.5 mm; 132-1324-/3 mm. n22 1.5510 yield 8^.6 g; 80$ .
(-)-Benzyl-l-phenyl-ethyl ether (21.2 g. ,0.1mol)in anhydrous diethyl 
ether (200 ml.) was added to a well stirred solution of potassium amide
(11 g,,0.2ml)Ln liquid ammonia (200 ml.) and the resulting solution stirred
until the ammonia had evaporated. The resulting dark brown solution - 
suspension was heated under reflux for 10 hours - total contact time 60 hours 
and then decomposed with water (50 ml.). The whole was shaken with water 
(500 ml.) and the ethereal layer, after drying with sodium sulphate was 
freed from ether and distilled.
Fraction I b.p. 118-120o/0*2 mm.
Fraction II Residue - did not distil.
Fraction I on re distillation had b.p. 151-152°/3 nim; 298-300°/760 mm. 
Yield 12.6 g., 60^ n ^  I.5689.
A mixture of (-) Benzyl-l-phenyl-ethyl ether (10.6 g., 1 mol) and 
sodium tert. butoxide (9 g*, 2 mol) in tertiary butyl alcohol (150 ml.) 
was refluxed on steam bath for 10 hours - total contact time 30 hours. 
The deep red solution, after the usual treatment, yielded the following 
fractions on distillation :
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Fraction I b.p. 132-134°/3 mm. 3*1 g. unchanged ether 29.2$
Fraction II b.p. 150-152°/3 mm. 5.25 g. re-arranged product - 50$
Residue - did not distil.
O)
Fraction II on redistillation had b.p. ll8-120°/0.2 mm. n^1" 1.5689.
(iii) By the action of Phenyl Lithium
A mixture of (-) benzyl-l-phenyl-ethyl ether (10.6 g.; b.p. 97-99/ 
0.2 mm., 1 mole) and phenyl lithium (8.4 g., 2 mole) in diethyl ether 
(200 ml.) was stirred at room temperature for one week and then heated 
under reflux for one week. The slightly red solution was decomposed 
with water and solid carbon dioxide. The ethereal layer, after washing 
with water and drying with sodium sulphate, was freed from the solvent 
and distilled.
Unchanged ether (9*73 g») distilled over at 97-99°/0.2 mm. and a 
dark red oily residue was left behind that could not be distilled.
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)aration of (-)-1-phenyl-ethyl hydrogen phthalate
A mixture of 1-phenyl-ethyl alcohol (6l g., 0.5 mol),phthalic an­
hydride (74 g., 0.5 mol), dioxan (50 g., 0.5 mol), triethylamine (51 g.,
0.3 inol) and benzene (50 ml.) was kept at 60-70° for an hour and the 
resulting clear liquid cooled and acidified with dilute hydrochloric acid 
mixed with ice and diluted largely. The viscous layer of hydrogen phthal­
ate solidified within half an hour. Filtered, thoroughly washed, and dried, 
the hydrogen phthalate (m.p, 105-106°). On crystallisation from ether
and light petroleum it had m.p. 108°. Yield 127 g.j 94$.
7L
(Houssa and Kenyon gave m.p. 108°;
hydrogen 
(-) forms
To the solution of (-)-1-phenyl-ethyl hydrogen phthalate (123 g*>
0.45 mol) in acetone (400 ml.) at room temperature added brucine (174*7 &•, 
0.45 mol) in small quantities with stirring. Brucine dissolved to form 
a clear solution and on heating the less soluble brucine salt separated 
out (m.p. 147-148°; 138 g.). After washing with hot acetone (6 times)
it had m.p. 152° ^ec.
The optically pure less soluble brucine salt (110 g.) made into 
paste with acetone was acidified with ice-cold hydrochloric acid and the 
resulting solution diluted with ice and water until the precipitation of
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oil was complete. The viscous layer of hydrogen phthalate was dissolved 
in ether - thoroughly washed and dried (NagSO^) and the solvent removed 
when the residue (m.p. 82-83°) was recrystallised from ether and light 
petroleum to yield octahedral crystals m.p. 82-83°.
Yield 36-7 g.J 83# £af’p2 + 39.8° EtOH)
(Houssa and KenyoZ^- solidified after several months m.p. 81-82°
Kf°H + 39.8).
The more soluble brucine salt separated out from the concentrated 
mother liquor on keeping in the refrigerator after seeding with the less 
soluble brucine salt. j&fter recrystallisation from acetone it had 
m.p. 84-85°, yield 119 g.; 80fo.
On decomposition the more soluble brucine salt (110 g.) yielded (•*■)- 
1-phenyl-ethyl hydrogen phthalic ester m.p. 82-84°. On recrystallisation 
from ether and light petroleum it had m.p. 83-84°.
Yield 38.8 g.j 85# [al22 -40.9° (L,o1 . EtOH)
71 r r.24 \
(Houssa and Kenyon gave m.p. 81-82°; JaJp “ 40.7° in ale.).
Preparation of (+) and (-)-1-phenyl-ethyl alcohols
(-*)-l-phenyl-ethyl hydrogen phthalate (43 g.) in aqueous sodium hydro­
xide solution (3 N; 75 ml.) was steam distilled. The distillate, salted 
out with potassium carbonate, yielded (.-)-1-phenyl-ethyl alcohol (15.4 g., 
8 0 %)i dried with potassium carbonate and distilled at 93“94°/l4 nun.
n22 1.5260 a22 - 13.25° d,)*
71 is
(Houssa and Kenyon - 13.27°).
Similarly (+)-1-phenyl-ethyl hydrogen phthalate (35 g.) on hydro' 
lysis by 5N sodium hydroxide solution (60 ml.) and subsequent steam 
distillation yielded ( +)-1-phenyl-ethyl alcohol (17 g.; dried
with potassium carbonate and distilled at 98-99°/20 mm*
Sodium(2*3 g.,0.1 mo]) was melted under stirred xylene (30 ml.) and ; 
slowly allowed to cools to the fine suspension (-)-l-phenyl-ethyl alcohol J
(12.2 g.,0.1md3) was added dropwise during an hour and the stirring continued ;
for a further two hours. The mixture was then heated under reflux until ]
|
reaction was complete, moisture and carbon dioxide being excluded. . j
To the warmed and stirred fine suspension of sodium salt of (-)-l-
phenyl-ethyl alcohol, benzyl chloride (12.6 g„; M/lo) in xylene (20 ml.) was 
added during two hours with stirring and the stirring continued for another 
hour. After removal of the sodium chloride the filtrate was washed thor­
oughly with water, dried and distilled.
Fraction I b.p. 30-35°A»5 mm.
Fraction II b.p. 112-114/1.5 mm.
on of optically active Benzyl-l-phenyl-ethyl ether
Sodium salt of 'ethyl alcohol
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The second fraction on redistillation had b.p. 97“99°/0.3 mm.
Yield 18.0 g. 90% n22 1.5510 a22 - 25.4° (t)
In a similar manner (+)-1-phenyl-ethyl alcohol yielded benzyl(+)- 
1-phenyl-ethyl ether (16.5&.).
Yield 82% b.p. 98-100°/0.2 mm. a22 + 23.04° (!,_): n20 1.5510
Re-arrangement of Benzyl(-)-l-phenyl-ethyl ether
(a) By the action of Potassium Amide
Benzyl (-)-l-phenyl-ethyl ether (5*3 g*, 1 mol; 25.4° (t^))
in anhydrous diethyl ether (200 ml.) was added to a well stirred solution of 
potassium amide (3®1 g., 2 mol) in liquid ammonia (150 ml.) and the result­
ing solution stirred until the ammonia had evaporated. The resulting dark- 
brown solution - suspension was heated under reflux for 10 hours - total 
contact time 30 hours - and then decomposed with water (20 ml.). The 
whole ?/as shaken with water (200 ml.) and the ethereal layer, after drying 
with sodium sulphate, was freed from ether and distilled.
Fraction I b.p. Il8-120°/0.2mm.
Residue - (did not distil) 1*32 g.
•Fraction I - re-arranged product - on standing deposited white 
crystalline solid (0.512 g.) which was found to be benzoic acid 118-120°C, 
lOfo.
The colourless viscous liquid after removal of benzoic acid was
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redistilled.
b.p. l!8-120°/0.2 mm. 21.2 g. 40$
[alp2 - 18.26° (1,1 EtOH); i l2 1.5670
Second Experiment
22
Benzyl (-)-l-phenyl-ethyl ether (10.6 g. - 25*4°) yielded
22
4.36 g. of the re-arranged product b.p. ll8-120°/0.2 mm. n^ 1*5670 
[al^C - 18.26° (l,l), and benzoic acid 8.3$.
In a similar manner benzyl (+)-l-«phenyl-ethyl ether (12.2 g.j
“ j. 0  ^122 + 23.02°) also yielded 5.06 g.; 41«5$ of the re-arranged product
b.p* ll8-120°/0.2 mm.; !jx]^ "C + 18.24 (1,1) and benzoic acid 8.5$.
;ion of Sodium t-butoxide
22
A mixture of benzyl (-)-1-phenyl-ethyl ether (8.4 g.j - 25.4°) 
and sodium tert. butoxide (7.6 g., 2 mol) in tertiary butyl alcohol (150 ml.) 
was refluxed on steam bath for 10 hours - total contact time 30 hours.
The deep red solution after the usual treatment yielded :
Fraction I b.p. 98-99°/0.2 mm. 1.2 g. unchanged ether.
Fraction II b.p. ll8-120°/0.2 mm. 3*34 g. re-arranged product 39.8$ 
n22 1.5689; [a]^10 - 18.20.
Fraction III Residue - did not distil.
Fraction II on standing deposited benzoic acid (m.p. 118-120°;
0.8 g#).. The colourless viscous liquid was redistilled b.p. 118-120°/
0.2 mm.; 2.52 g ., 3<$; fa]22 - 18.26°; n22 1.5670.
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In a similar manner benzyl (+)-l-phenyl-ethyl ether (5.3 g**
op
a,p + 23.04°) also yielded 1.9 g. of the re-arranged product b.p. 118-120°/
0.2 mm. 17.6°, and benzoic acid 0.21 g.
The re-arranged product was redistilled b.p. ll8-120°/0.2 mm. j 
n22 1.5670; + 17.6°; 3 0 /0  yield,
1. Preparation of the Urethane of the re-arranged product
To a solution of the re-arranged product (2.1^., b.p.118-120°/
0.2 mm.) in light petroleum added an equal volume of phenyl isocyanate and
heated the solution at 40-45° **°r one hour. Recrystallisation of the
resulting white substance from light petroleum gave white crystalline
urethane, m.p. 115-116°; 1.82 g.
73
Tiffeneau gave m.p. of 1,2 diphenyl propyl alcohol:- a-form 
116° and (3-form 122°.
Mixed melting point with authentic sample 115-116°.
II. Preparation of the acetyl derivative of the re-arranged product (carbinol;
A vigorous reaction started on adding acetyl chloride (0.7 g.) 
to the (-) re-arranged carbinol (l g.). After five minutes when the 
reaction stopped, poured the solution on to ice-water (15 ml.) and extracted 
the viscous liquid liberated with ether. The ethereal layer after washing 
with water, sodium carbonate solution and again with water and drying with 
sodium sulphate was freed from the solvent by passing air through it. The 
white crystalline residue m.p. 103-105°, after recrystallisation from ether 
and light petroleum had m.p. 107°; 0.9 g» Mixed melting point with
-115-
authentic sample 106-107°.
In a similar manner (-) re-arranged carbinol (l g.) yielded 
the acetyl derivative m.p. 106-107°; 0.9 g. ~ 18*6° EtOH).
Tiffeneau^ave the melting point of acetyl derivative of 1,2- 
diphenyl propyl alcohol 107°).
III. Preparation of hydrogen phthalic ester of the re-arranged carbinol 
A mixture of the (-) re-arranged carbinol (2.12 g.), powdered 
phthalic anhydride (1.4-8 g.), triethyl amine (2 ml.) and dioxane (2 ml.) 
formed a clear viscous solution on heating at 50-60° for ten minutes.
The solution was decomposed with ice and sufficient dilute hydro­
chloric acid to render the solution faintly acidic to congo red; the 
viscous hydrogen phthalate liberated could not be obtained in crystalline 
form either on keeping in ice-water, in refrigerator or crystallisation 
from any solvent.
On attempts to crystallise it from chloroform - petroleum ether 
or methylene chloride - light petroleum, it deposited phthalic acid.
IV, Oxidation of the re-arranged carbinol
(+) re-arranged carbinol (l g.) was dissolved to glacial acetic 
acid (3 ml.) and chromium trioxide (0.7 g.) added in small portions.
After six hours the mixture was poured into ice-water (150 ml.). The 
solid (0.6 g.) obtained by extraction with ether was crystallised from 
aqueous alcohol m.p. 49-52°.
The ketone obtained (a-phenyl~propiophenone) was found to be
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optic ally inactive. Mixed melting point with authentic sample 50-52°.
4-9 +McKenzie and Roger gave melting point of (-)-l-phenyl propio-
phenone 50-52° and (+)-l-phenyl propiophenone 34“35°;
[a]®t0H + 20.7°J . Tiffeneau, 73 gave m.p. 58-59°.
In methanol, the ketone gave oxime m.p. 122-125° (Tiffenneau m.p.
124-125°).
re-V. Action of concentrated hydrochloric acid on e orsnca
ranged c
The re-arranged carbinol (2 g„, b.p. ll8-120°/0.2 mm. a 223>
20.7° (c = 1.2, i^, CS2) in diethyl ether (10 ml.) was mechanically 
shaken with concentrated hydrochloric acid (3 ml.) at room temperature 
for four hours and left for overnight. The ethereal layer was treated 
with potassium hydroxide solution (3 g. in 10 ml. water), washed with 
water, dried with potassium carbonate and freed from the solvent and dis- 
tilled, b.p. H8-120°/0.2 mm; 1.97 g. \ ctj^  ^ + 20.5° (1*1).
Repeated the experiment with the opt5.cally active re-arranged
r , v
carbinol recovered in the experiment above, 1«95 g. !a!j) + 20.5° (1,1).
On further treatment of the. optically active re-arranged 
carbinol recovered in the above experiment with concentrated hydrochloric 
acid no change in the specific rotation was observed.
fa]^2 + 20.5° (1,1)
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The preparation of (-)-l,2-diphenyl-propyl alcohol
The (-)-l,2-diphenyl-propyl alcohol (l-hydroxy-1,2-diphenyl
propane) was prepared by adding hydratropic aldehyde in ethereal solution
(29.92 g., 0.9 mol) to phenyl magnesium bromide (45.25 g., 1 mol) and the
resulting complex decomposed by the addition of crushed ice and ammonium
chloride. Extracted the alcohol by ether; the ethereal extract was
washed with water and dried over anhydrous sodium sulphate. After removal
of the solvent the alcohol was distilled, b.p. 118-120/0.2 mm,; 132-134^
0.5 mm.; 151-152/3 mm,; 296-300/760 mm.
i^2 1.5689, 53.6 s., 76?* yield.
73
Tiffeneau gave b.p. I8l-l82°/l.8 mm.; 290-30Q°/760 mm;
(3-form - m.p, 48°.
/ +  \Prepared the following derivatives of (-)-l,2-diphenyl-propyl 
alcohol by methods described for preparation of the derivatives of the re­
arranged carbinol,
(i) Acetyl derivative, m.po 106-107°.
(ii) Urethane, mup. 115-116°.
(iii) a-phenyl-propiophenone, m.p. 50-52°.
(iv) Hydrogen phthalic ester - could not be obtained in crystalline
form; on crystallisation from chloroform or methylene chloride 
phthalic acid was liberated.
Tiffeneau - (i) acetyl derivative, m.p. 107°.
(ii) phenyl urethane, m.p. 116°.
(iii) a-phenyl-propiophenone, m.p. 58-59°•
49McKenzie - a-phenyl-propiophenone, 50-52°.
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